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WELCOME TO 


HOW IT 
WORKS 


Annual 


Welcome to the How It Works Annual, a carefully curated compilation of 
our favourite new How It Works features. As ever, they’re packed with 
eye-catching illustrations, expert interviews, and mind-blowing facts. 
We've picked the topics we think you will love from across our six 
categories: science, environment, technology, history, space, and 
transport. Learn all about your DNA and how it makes you the unique 
individual you are; see how amateur fossil hunters made an incredible new 
dinosaur discovery on the south coast of England - and what you need to 
start your own fossil hunting hobby. Discover the science behind food 
going bad, what the European Space Agency does to protect the planet 
from rogue asteroids and falling satellites, discover sunken cities, how 
microchips are made, explore the historic10 Downing Street residence of 
the UK's prime minister, how the navy builds warships, and much more. 
Don’t forget to have your smartphone or compatible device ready while 
you're reading, because we've packed this issue with augmented reality 3D 
pictures that will bring the magazine to life. Enjoy! 
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code reader app. Many iPhone and Android devices include a QR reader 
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eo per cent of children report hearing voices 


Sitting at home, alone and in the dark, asudden 
sense of fear and a swift chill may wash over 
your body. Sure enough, your hairs stand to 
attention and goosebumps cover your skin. It’sa 
sensation we've all felt at one time or another, 
but why does our body react in this way when 
we're scared? It harkens back to a time when 
ancient humans faced the daily fear of life- 
threatening predators. Asa result our bodies 
evolved what we now calla fight-or-flight 
response. This is a stress response which 
triggers a release of adrenaline, causing our 
heart race to rush, our palms to sweat and 
goosebumps to appear. During this state of fight 
or flight, the tiny muscles adjacent to each hair 
contract, making hairs stand on end. Today 


Dissecting 
goosebumps ~~ 


How our hairs 
stand on end when 7 
we’re scared 


Goosebump 
During the contraction 
of arrector pili 
muscles, the skin on 
the surface puckers | 
like a plucked chicken, 
forming a goosebump. 
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Do you ever get a nagging feeling that 


humans are relatively hairless compared to our 
animal ancestors. Charles Darwin postulated 
that at one point in time our ancestors would 
have been a great deal hairier, and goosebumps 
would have puffed out their hair to make them 
look bigger and appear more intimidating to 
potential predators. 


Goosebumps can also help 
to prevent the loss of heat 
when we feel cold 
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Hair 


There are about 5 million hair follicles across 
the entire human body, each equipped with 
muscles called arrector pili muscles. 


Til 


| rT Contraction 
| - _ A release of adrenaline in the 


body causes these muscles to 


i ees eee, | contract, in turn pulling the 


base of the follicles and 
making hairs stand on end. 


Relaxed 

These tiny muscles attached to 
the base of the hair follicle are 
normally relaxed, allowing the 
hair to naturally lay on the skin. 





damaged, but the brain still received 


Brain patterns were observed using a 
10] arora (o)at-] Mantle] elcid (om a=t-xe)al-lalecmlnar-lel are) 
(fMRI) machine 


IS MIND- 
READING 
POSSIBLE 
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inside our heads is terrifying. However, 
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brain is an extremely complex organ. 
Taking it one step at a time, researchers 
have been analysing the electrical 
patterns we produce in the brain when 
we think of something, such as an 
ro) 0} (Yea Wm aU] an] el=) me) @=))(21 0 B= =) 01 2) 0 Oc = 
researchers can then identify and 
decipher distinct patterns associated 
with those thoughts in the hope of 
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The technology is still in its relative 
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interpreted. Currently this is being 
developed to offer insights into the way 
our brains work, rather than for 
alternative medical treatments. 
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peer inside the mind, the possibilities 
are endless. 
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someone is staring at you? Is it really 
possible for us to have a six sense of 
when we're being watched? Studies 
have found that a single brain cell fires 
signals when someone looks at us, 
stopping when their gaze moves away. 
This was put to the test in 2013 ona 
patient with cortical blindness. The 
patient’s visual cortex in the brain was 





information from the eyes. What was 
interesting was that the region of the 
brain that responds to potential threats, 
called the amygdala, became active 
when someone stared at the patient. 
This innate six sense most likely 
evolved in ancestral humans as a way 
to detect when a predator was nearby, 
giving them the chance to escape. 











































WHAT IS 
LURKING Al 
THE BOTTOM 
OF THE OCEAN? 






Typically people dream for around two hoursa 


night. During this portion of rest, called rapid 
Fewer people have seen the deepest ; 
parts of our oceans than have walked on eye movement (REM) sleep, is when nightmares 
the Moon, so our knowledge of what can creep in. Sometimes referred to as ‘threat 


swims in the deep blue is relatively rehearsal, it’s believed that nightmares occurto 0s!ng your teeth Is one of the 
small. The deepest region of the ocean most common nightmares 


prepare us for the possible dangers we might 
Meor-] (Cte dat=Mar-lel-]m4o)al-Mmu Val (oral olstell aly 
around'six kilometres ele face in real life, although many nightmares are Although the dangers that may have birthed 
surface. This largely unexplored region stress-related. Atsome point during human this neurological function are long forgotten, 
consists of trenches formed by Earth’s evolution nightmares may have serveda modern threats such as house fires, car crashes 
tectonic PigiaS clit ima bited by purpose in bringing real-world dangers to our and murder keep nightmares alive. There is, 
marine life that can withstand its 
extreme pressures and lack of sunlight. attention and keeping us alert to potential however, a way to battle against them before you 
Some crustaceans and even species of threats. However, in a world where we're no head to bed. Some suggest rehearsing an 
fish, such as the hadal snailfish, have longer chased by prehistoric predators or alternative ending to any recurring nightmares 
us ae eB in the Zone da battling the elements, do nightmares stillhavea whileawake, and trying to understand any 
eight kilometres below the surface. 

role to play? reasons behind your nightmares is paramount. 


A squat lobster found in th e Mariana , 


Trench, the deepest part the ocean Inside the nightmare 


What regions of the brain are awake while we dream? 


Activated Deactivated 

There are several regions of the brain that are active While many regions are activated to produce 

during REM sleep which have different roles when dreams and nightmares, some are deactivated to 
considering their functions while dreaming. Regions allow them to occur. For example, regions of the 
such as the cerebellum, basal ganglia and premotor prefrontal cortex and inferior parietal cortex are 
cortex are linked with the motor content of our typically involved in cognitive control, perception of 
dreams. These regions are responsible for creating time and space and self awareness. This allows us to 
the sensation of movement, like running from an drift off into a dream unaware of our physical bodies. 
intruder during a nightmare. Other regions such as The deactivation of these regions is also thought to 
the thalamus and basal forebrain are linked to the contribute to the reason we don’t often remember 
emotion-processing aspects of our dreams. our dreams when we wake up. 
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There are over 300 bodies of dead climbers on Mount Everest 





Inside the venom / 


How black widow venom causes 
Bs 
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sy" the spider’s head. 
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Open the gates 

The calcium in our bodies is 
needed to help generate 
communication between our 
nerves. However, alpha- 
Latrotoxin opens all gates to 
flood the cells with calcium. 


Alpha-latrotoxin 

m As the main culprit for the 

: causing of pain, this chemical 
embeds itself into the 
membrane of our nerve cells. 


Communication 

The presence of calcium in the nerve 

cells triggers neurotransmitters to 

cross the junction between nerves 

and opens gates on another nerve for | 
, sodium to pass through. This is how 

nerve cells talk to one another and 

send signals to the brain. 


Overload 

Now flooded with 
calcium, the nerve 
releases an increased 
amount of 

cos ‘ | neurotransmitters in 
Venom canal ; - a, nN the junction between 
When the spider is threatened - ee nerves, which then 
the venom will travel from the . Wa ™> creates a signal in the 
venom gland, down the venom | B . ) adjacent nerve. 

Canal and into the fang, passing ar 

into its victim. 


With an increase in activity 
within the nerve cells, the brain 
perceives these signals as pain. 
The more signals produced by 
the flooding of calcium and 
sodium, the more pain you feel. 


© Illustration by Nicholas Forder 








Striking fear into the hearts ofthosethat | What makes their bite so agonising is the 5 A 

spot the tiny red markings on an presence of a neurotoxin called alpha- 

otherwise ordinary-looking spider, black latrotoxin. This neural hijacker causes = 

widows are some of the most venomous secbisher-Dalmer- Poem Mebaeeedeleleimaal-mistaaberes 

creatures on Earth. This accolade hasled nervous system. However, it’s acommon 

to many believing this spider to be an misconception that a single bite froma 

aggressive insect. Inrealitythesespiders black widowspider is always a death 

are shy and they only attack humans sentence. Fatality is rare in healthy 

when their bodies have been pinched or humans, with most recovering with > 

accidentally squashed. medical assistance in 24 hours. Young S 
However, when they dostrikeit wreaks childrenandthosewhoareillorelderly = Black widows are found in temperate 

havoc on the human nervous system. are at the highest risk. regions around the world 
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Nostril 

Unlike humans, a snake’s 
nostrils are only present to 
allow them to breathe, 
lacking any ability to smell. 
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Tongue 

Tiny odour particles from the 
atmosphere are collected by 
the snake’s forked tongue 
while it flicks it in the air. 
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Vomeronasal organ 

This chemoreceptive organ is connected 
to the olfactory bulb in the snake’s brain, 
which then intercepts the odour 


© Getty particles collected by the tongue. 


Retraction 

Odour particles are mixed with 
the fluids inside the snake’s 
mouth as the tongue retracts. 


them to the vomeronasal organ as the 

snake flicks its tongue. The reason snakes 

do this is to detect the location of any 
potential prey, catching the scent of anearby 
mouse in the wind or even the presence ofa 
predator or potential mate. 


It’s all to do with the way these reptiles observe the 
world around them. The flicking of a serpent’s forked 
tongue might seem intimidating at times, but they are 
simply tasting the air. While we use our noses to smell 
and our tongues to taste, snakes gather chemicals that 
pertain to smell and taste from the atmosphere and 
interpret them. Unlike the human tongue, snakes lack 
the many taste buds we've come to rely on. They have 
instead evolved a sensory organ called the 
vomeronasal, or Jacobson’s organ, to detect 
moisture-borne odour particles. This has two 
holes —- corresponding perfectly with the forked 
ends of the tongue - which collect 
the particles and deliver 


IS YOUR PHONE 
EAVESDROPPING 
ON YOU? 


It seems oddly serendipitous when, after a conversation, online ads 
ol=tellamacrere)anlanl=Jareliaceme)m-lalet-me) imo) mole(Uleam-mtolUmnnt-\mnt-\\(=mel (ier -s-y-1e me oe 
Fore) [ated (ei=) alex- Mme) am (-Mtcolel ame) alolal-m-{-\e1 asia hYm(i-imelal lave mcomy{oll iam w-(ex-) olele) @ar- |) 
repeatedly stated that its app does not listen to users for ad-targeting, 
idatelecel smoxe)pal=Wiolel certo a=) ole) a mm dat-| mnal-lahar-) ©) osm al-\(om ol=) gn alics-J(e) am me) 
activate our microphones and the ability to analyse snippets of audio. 
Tam dal=mele-lalemoyora(-lan(-Meoymaaliale sem ace) (-\V(-l em (imcialiare mia melamelels 
conversations for targeted ads isn’t the most effective method to get 
relevant information - especially when you consider the wealth of 
Talke)anarslu(elamelelmel(elie-| Miele)uo)elala-mer-la Me) ae) /(e(-MEcLe(elaM-I-MU Vall MU omi(s\ie 
NL C=me) aed at- la =me) a moxelert-] mn al=ce|t-Pue) am aa(=Moxole) ¢(-t-mer-llals\eMmanelonmelel ms crelelel (= 
search history. It’s far more likely that your previous online activities, a 
tweet or Facebook post has sparked an ad. 















Typically a snake flicks 

its tongue once every 
second, if not faster 
© Getty 
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Standing over a stone 
altar at a temple summit, 
an Aztec priest raises his 
obsidian blade before 
plunging it into the chest 
of the body laying before 
him, allowing the blood of 
the human sacrifice to 
cascade down the temple 
steps. It’s a scene well 
documented throughout 
history when you delve 
into the traditions and 
rituals of the Aztecs, who 
lived between the 14th 
and 16th century. 

Many Spanish 
conquistadors recorded 
seeing such bloodthirsty 
rituals, and even detailed 
a rack of 130,000 skulls 
of the victims called a 
tzompantli. It wasn’t until 
2015 that this enormous 
and terrifying edifice was 
excavated by 
archaeologists, revealing 
the secrets of human 
sacrifice. It’s thought that 
humans were offered as 
nourishment to the Aztec 
gods to ensure that the 
Sun would rise and to 
allow prosperity for the 
people. Those that 
evaded the sacrificial 
altar were not the only 
ones thought to prosper 
from sacrifice. Those that 
felt the sharp edge of the 
knife were believed to 
gain an honoured place in 
the afterlife. 





The skull rack found during 
the excavations of the Aztec 
Templo Mayor, Tenochtitlan 


A single solar flare is more explosive than all the nuclear bombs on Earth combined 





As fierce hunters, cats and other nocturnal predators have 
evolved vertically slit pupils as a way to better ambush their 
prey at night. To successfully seek out their prey, cats need to 
be excellent at gauging the depth and distance of their next 
meal. This is where having a vertical pupil comes in handy. 
Researchers have found that predators such as snakes, cats 
and crocodiles are better at depth perception and can easily 
focus on their targets. 


Look inside eile changes shape to 
the eye 


focus light into the retina. 
Cats are among the 
sharpest-eyed mammals 









Retina 

Within the retina are cells 
that can detect light, 
called photoreceptors, 
which are split into two 
groups called cones and 
rods for binocular vision 
SS andcollecting dim light. 


Cornea 

The dome at the front 
surface of the eye that 
offers protection and lets ja" "7 = 









A — ina Light and image information is 
Vitreous chamber == sent to the brain via a bundle 
A gel-like-fluid-filled chamber °*-*.**- of nerve fibres, collectively 


maintains the shape of the eye. called the optic nerve. 
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SUN 
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IS SPONTANEOUS HUMAN 
COMBUSTION POSSIBLE? 


The idea of spontaneously erupting into 
flames without any prior warning is a 
ake Taco) uiil ave Mexe) aex:)o) mm LU) mI U (er 4) \Vmim-we) al 
unsubstantiated by science. Asa 
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1800s, novels such as Charles Dickens’ 
Bleak House brought forth the terrifying 
idea that at any time one of us might 
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real-life occurrences. However, only a 
handful have ever been formally 
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water, a natural enemy of fire. If an 
Talkslenr-lMilc-Moiarelelcemlelalix-Mmelelam slelel(=y-3 
would extinguish it. 
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date back as 
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Looking out into the abyss of space 
might leave you wondering why the 
universe is dominated by darkness. 
It’s believed that the universe is 
made up of roughly 80 per cent dark 
matter, a mysterious material 
which does not emit energy or light. 
Although we aren't sure what it is 
made of, leading the pack asa 
potential candidate are weakly 
interacting massive particles 
(WIMPs), which have a hundred 
times the mass ofa proton butare 
extremely difficult to detect. 
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The last public 
execution by 
guillotine in France 


occurred in 1939 34 ay re | a Sa 
ats enin Mouton 
| the = A piece of metal that 
secured the blade in place 
jo) Fete (=1-4 


How does a 
guillotine work? 






L 
\* 


and offered extra weight 
to drive the blade as it fell. 






+a ie. 


Wheels 

Between the rope and [ 
the wooden frame, a | es 
series of wheels | 

allowed the . 

executioner to release ! ii 
and raise the blade. 
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Blade 


Made from steel, the 
angular blade had | 
serrated edges. \ 
Together with the 

mouton, it weighed 

around 40 kilograms. 








It may surprise you to discover that anatomy 
professor Joseph-Ignace Guillotin proposed 
the guillotine as a gentler method of 
execution. Guillotin believed that swift 

(clot VoyiechwloeMeyi@-MeyecCe(cMuvolreteomersmrateyas 
humane than a sword or axe swung by an 
executioner. The first life to be officially 
claimed by a prototype guillotine occurred in 
France in 1792, designed by French doctor 
Antoine Louis. 

This new form of execution was given the 
name guillotine after Guillotin’s 
recommendation. However, it’s believed that 
he was against capital punishment and was 
horrified by the device’s name. The guillotine 
was used until 1981 when the death penalty 
was abolished, during which time it becamea 
major spectator event and was deemed high 
entertainment, with souvenirs sold at 
executions and programmes listing the 


names of those being executed that day. The Restraint Declic 

uillotine even became a popular children’s 2 eee nee This is the lever the 
6 . . PoP between two wooden executioner would pull 
toy, while novelty devices were sold as slats, called a lunette, to to release the blade, to 


secure the head in place. decapitate the victim. 


vegetable and bread slicers. 
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When a person dies, their sense of hearing is the last thing to disappear 



































With over 7 billion people on the planet, there is surely going 
to be someone that shares enough of our facial features to be 
deemed our doppelganger. We seem to have an odd 
fascination with finding them and alerting 
others to their existence: “I saw your 
double in the supermarket the other 
day.” However, the chances of 
actually finding one are relatively 
slim. A 2015 study found that 

there is a one in 135 chance that 
someone shares enough facial 
features to be deemeda 
doppelganger. The figure was 
calculated by comparing eight 
distinct facial features of 4,000 
different people. Researchers 
found that finding a doppelganger 
with all eight matching features 
was a one ina trillion chance. 


te 
= | 


Could there be someone with the same 
face as you? 


In the vast vacuum of space, the sound ofa lone scream 
isn’t something that can be heard. Not just because the 
human body would erupt if exposed to space, but for 
sound waves to travel they need a medium - solid, liquid 
or gas — to move through. For example, when the skin ofa 
drum is struck, vibrations cause a chain reaction of 
moving air molecules, pushing them together and 
creating a sound wave. In space no such medium exists. 
That’s not to say that sound can’t travel through space at 
all-it can, but very inefficiently - so if you find yourself 
screaming in space, no one will hear you. 


Sound needs 
a medium 

to travel 
through 





Anne Boleyn 
King Henry VIII’s 
second wife was 
Taal edarsxe)arcve mre] mma are) 
tower, falsely 
accused and 
(orola\ Venere me) mr-lelU)Incl ava 
Tatex=¥>j mr-]ale muast- lean @) am bs) 
May 1536 she was executed, 
beheaded by the blade of sword. 


Guy Fawkes 

As a chief 
conspirator in a plot 
Kom 8) (e)VVAU]®) 
parliament, Fawkes 
met his end on 31 
AFlalerlavalhol@low-ja nels 
loxetiavemianl®)arsveyarcvem ial 
the tower. As he was 
MiVee]L.dlale me)aicem-Mar-laleliareme)t-laielanan 
Fawkes jumped from the ladder, 
el acteLqiarem al omarcver@r-] ale meh iaren 


Queen Elizabeth I 

Queen Mary | 
believed Princess 
Elizabeth was 
'e)(oludjarem-lel-liasimal=le 
ordering her 
Taker-]cexsie-)a(elamia 
1554. A lack of 
evidence for Mary’s 


theory resulted in her release after 


rmore)e) 0) (=e) maatealiaice 


Lady Jane Grey 
She was queen for 
just nine days after 
her father-in-law 
To) ayam BJelel(=\V7 
lellasi0r-le(sle meh lale] 
King Edward VI that 
Jane should be 
chosen as his 
successor. Deposed by 
the legitimate heir Mary, her and 
latclamalessey-]aremuVclacm lanl elaielal-\emin 
the tower and executed in 1554. 


The Kray Twins 

As the last 
prisoners in the 
tower, these London 
gangsters were 
notorious 
aalelge(=ia-leceelare| 
thieves. However, 
these were not the 
(ol di aarssomuarel@mtelave(scemunrsian 
in the tower, but for 
Fekotote1 0] 10] ale r= Iexe) g 00) g]| 
after failing to report for 
national service with the 
Royal Fusiliers. 
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very day we use our bodies as tools. Our 

legs transport us to where we need to be, 

our fingers can feel and manipulate the 
objects we hold and our insides work like 
engines to churn out the energy we need to live. 
It can be easy to forget about each precise 
function our bodies provide until one of them 
fails, becoming fragile or unusable. 

What do we do ifasharp object tears our skin, 
exposing the flesh and blood that lies beneath 
our outer protective layers? Thankfully, just as 
different parts of our bodies are specialised in 
their unique roles, they have also evolved 
methods to piece organs back together and 
restore health from significant sickness. With 
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Discover the critical biological systems that 
regenerate our bodies and restore us to health 


Words by Ailsa Harvey 


the constant influx of germs and the quick 
deterioration that comes with increasing blood 
loss, we wouldn't last very long without our 
incredible ability to heal. 

When you look in the mirror each day, you 
may think that the image you are greeted with is 
fairly constant. But if you were to look at yourself 
in 28 days time, you would be wearing a 
completely new skin. The cells that make up 
your skin are constantly changing — an essential 
process needed for repairing damage and 
protecting you. Skin is the largest organ you 
own. Covering your entire body, itis very 
exposed to your surroundings, making it the 
most commonly damaged part of the body. 





Being able to create new, strengthened skin cells 
enables your body to close gaps made in this 
shield, limiting the amount of healing and 
infection fighting that needs to take place in 
more vulnerable organs of the body. 

Even biological functions that we once thought 
were fixed have been shown to change. 
Neuroplasticity is a phenomenon that alters 
neural signals in the brain. By training the brain, 
some people have been able to create new 
pathways, enabling them to improve their 
memory and even recover from brain damage. 
As we find new ways to manipulate the most 
complex areas of human biology, we are 
expanding the means of reversing damage. 


© Getty 


DID YOU KNOW? Saliva causes cuts in the mouth to heal ten-times faster than other skin wounds 


Sliced surface Clottin Sending 
A sharp object, such as a g signals 
Proteins and blood g 
knife, can break skin and Mast cells in the 
ninGH vaccele erecta cells work together to ti San he 
; g ; issue detec . . 
an entrance for bacteria thicken the blood into . Infection fighters 


protective layer has been ; 
oad presence o 
compromised, an entry and other germs. a clot. This forms a atari Macrophages, a type of 


point is created for plug in the wound, , white blood cell, respond to 
bacteria. Any germs stopping the external ice Sdnenad the mast cells, arriving at the 
need to be killed before bleeding and Ce as scene to engulf any bacteria. 
they multiply and cause preventing germs from ey Ries Polls 


an infection. getting into the body. blood to initiate an 
immune response. 


Germ entry 
When the body’s natural 
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Medical intervention 


PANidatolele| amare olole hm ar-\-w-]aM=) ai ctea thy 
system in place for banishing infection 
and repairing the skin, sometimes 
medical assistance is needed for the 
safest healing process. If a cut is deep, or 
Late Kowrs] ae) e) (ker mm =lpnlersve(e(=teMlaman(-mase(emn Ls 
f-M oles-3 mi ome (om Ko aloy-jelin-] Mcolmanlela-Melae(=ials 
treatment. Signs that you will need 
ria] Koa aresom (aver lece(=mo)(at=\el fale maar-imm o\=1e-]/-e-Mce) g 
rohV(=) mela Manligiein=s-me)mr-]e) eA lalem e)acs-s-elg= mele 
Lim dal= Moll l mm (ole) cm of-|mu(olllt-lahvme(=1-) ome) ai nog (ot 
are loops of thread used to hold skin 
together so that there is less of a gap to 
Swelling fill during the healing process. This 
The wound becomes swollen, tender and Rebuilding makes the healing process speedier, 
redder as blood vessels widen and blood New skin is needed to replace the damage. Red aalialiaaletiare| 1d al=medat-)alex=me)m lalisvegule)em-sace| 
rushes to the area. This is a result of the blood cells create tough white fibres of collagen. scarring. Once the skin has healed, 
immune response. The cut may also weep as These are the foundations of the new skin hospital staff can remove the thread. 
clear fluid is produced to clean the wound. tissue, which will be surrounded by granulation re aT a 
tissue, filling in the gaps. As skin grows over this BK iV ’ Pee - 
he ealsinies “i 
ay 
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Bandages can help keep 
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THE BRUISE 
oPECTRUM 


What can the colour of 
your bruise tell you 
about its healing stage? 





As bruises form and fade, they generally followa 
colour pattern. By understanding why these 
changes occur, you can predict the age ofa 
bruise on your body. The colour of your skin will 
also change their appearance. Generally, lighter 
skin tones will display more redness and visible 
yellow colours, while reddening in darker skin 
may be less noticeable. 
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1) Initial colouring 
Occurring quite soon after an impact, 
newly leaked blood is bright redin 
colour, causing red tones to show 
through the skin. 





€ Oxygen depleted 
A day later, the blood has lost all its 
oxygen. The red cells begin to break 
down, andiron is released, turning the 
bruise darker blue, purple or black. 





G Final colouring 
The biliverdin is converted into bilirubin. 
During this process, the green edges 
become more yellow. 





© Losing oxygen 
After a few hours, oxygen levels in the 
leaked blood start to decrease, as it has 
left the circulatory system. This causes 
the bruise to darken in shade. 





@ Healing begins 
Shades of green indicate the first stages of 
healing. The green is caused by the pigment 
biliverdin, which is produced as haemoglobin 
is broken down. 





@ Fading 
Finally the bruise will begin to fade, 
becoming brown and lighter as it does so. 
Most will disappear within two weeks. 


After a heart attack, it usually takes about eight weeks for heart muscle to heal 











Bloodshed 
Where the bone has split, the 
first response comes from 
blood vessels within the bone. 
As blood is exposed around 
the break, it begins to clot. 





Haematoma 
Swelling — formation 


Tissue around the bone = 7 bhis collection of blood 
begins to swell. This is a is called a haematoma. It 
quickly acts to fill some 















a signal from the 
immune system which 
attracts stem cells. 


———— —— of the gap between the 
two sections of bone. 






Cartilage production 
Soft cartilage is produced to stretch 
across the gap. This is later replaced 
by a harder tissue to gain strength. 





Complete bone 
Soon the softer tissue will be 
replaced by a new section of 
bone. It can take years for the 
bone to be just as strong as the 
rest of the skeleton, but it is able 
to withstand pressure and carry 
out physical demands. 


© Getty 


An X-ray can show where the 
fractures in bones are 





How does the skeleton fuse 
together beneath a cast? 


Your bones create a framework to give your body 
structure. They support you when you move and 
are designed with the strength to protect our 
most vulnerable organs. However, not even your 
bones are invincible, and this becomes all too 
apparent when you hear a telltale ‘crack’ after a 
hard fall. 

Broken bones are a relatively common 
occurrence, and after the early pain, the healing 
process can seem miraculously straightforward. 
You might have to get used to having anarmina 
sling for a few weeks, or a leg covered inan 
inflexible concrete-like cast, but once these are 
removed your bones can return to their roles 
feeling as good as new. 

Anessential part of this is positioning. When 
bones are in the right place, your body is quick to 
recreate your skeleton’s form, but without 
medical staff to wrap up your limbs and position 
the pieces, you could end up with your bones 
reattaching improperly and at the wrong angles. 
This can make the use ofa limb or body part 
more challenging, and 
even painful. 





Artificial teeth can be made to 
replace damaged adult teeth 
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DID YOU KNOW? The liver ts the only organ in the body that ts able to regenerate, fully repairing itself in 30 days 
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ur lives revolve around food. As we fill up 

our cupboards with our weekly 

shopping and consume the shelves’ 
contents multiple times a day, our favourite 
snacks only have a fleeting stay in our homes. 
Food is a permanent necessity, sustaining our 
health throughout our lives. But the shelf life of 
each item is remarkably temporary, giving our 
kitchens a high turnover rate. 

On many airtight jars, it’s suggested that you 
consume the entire contents within one week of 
opening it, and the freshest foods, such as fruits 
and vegetables, will remain so for an even 
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shorter time period. The ingredients for our 
meals come with unique countdown clocks, and 
the timing for peak condition can sometimes be 
unpredictable. In order to fully understand the 
quality of each perishable food, you need to 
know the science behind their demise. 

Food begins to rot when its cells die and break 
apart. The proteins inside leak out of these gaps 
and begin to eat away at the cells. Working from 
damaged ones to the healthier cells surrounding 
them, soon the entire piece of food will start to 
disintegrate. As bacteria and fungi join the feast 
and increase in numbers, their combined waste 


products add foul tastes and smells to the 
previously fresh food. Changes in appearance, 
odour and texture are all signs of decay. 

Food spoilage is inevitable, but there are some 
ways you can slow this process down. Effective 
methods to prolong quality are used in food 
factories, as well as by consumers at home. 
Removing oxygen from packaging and sealing 
food until use stops air and microorganisms 
from compromising a food’s freshness. Factories 
also heat treat many of their consumable 
products, as the majority of microorganisms 
can’t withstand high temperatures. 


© Getty 


Refrigerating bread slows mould growth, but causes it to go stale faster as starch molecules recrystallise 


WHAT CAUSES SPOILAGE? 


Enzymes are proteins that 
speed up some of foods’ chemical 
reactions, and one of their purposes is to 
ripen fruits and vegetables. Enzymes don’t just 
work to make food perfect for your palate, though, 
and they will continue to turn fruit from unripe, to 
ripe, to over-ripe. They are the reason your fruit 
continues to the disgustingly soft, squishy stage. 
When you bite into fruit, oxygen 
reaches the broken plant tissue. 
In apples, enzymes work 
quickly with this oxygen 
to produce 
compounds with 
a brown 
colour. 


Although we have 

designated some items as 

‘human food’, they are not 
exclusively sought after by us. 
Other animals share the same 
tastes, and so in order to keep 
some fresh for ourselves, we need 
to store food away from animals like 

rodents, insects and parasites. When 
food is damaged by these creatures, 
it makes the deterioration process 
quicker, as well as increasing the 
likelihood of spreading disease. 
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21 per cent of air 

consists of oxygen, which 

can attack the fats in food. In 

fact, oxidation is the main cause of 

spoilage in fatty foods. When the fat 

oxidises, it forms smaller 
short-chain carbon compounds. 
It’s these compounds which j= 
produce a strong smell and a 
Unappealing taste. 





Different foods have their own 
optimum temperature for storage, which will 
prolong their shelf life. Usually warm 
temperatures are avoided during storage, as this can 
speed up the rate of enzyme activity, while freezing 
temperatures can cause some foods to break, like the 
protective shell surrounding eggs. 
Microorganisms usually thrive at room 
temperature, making fridge or freezer 





Between 10 and 37 degrees Celsius 
is the most common range in 
which food is handled. Just a ten 
degree increase in temperature 

can double the rate of 
chemical reactions within 
a food item. 


storage the best option for fresh foods. 
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When bacteria and fungi grow in food, they 
can cause a change in colour, texture and 
smell. Many foods are not just desirable to us 
humans, but can also provide energy to these 
single-celled organisms. The microbial world is a 
diverse one. Some food growths create a green, 
mouldy appearance, clearly indicating the 
presence of fungi, while others can grow to 
harmful levels with zero visibility. It’s 

“ss. important to remember that not all 
— microbes are bad to consume, and 
~ some even hold health 
| benefits. 


© Getty 


Food and drink are often 
covered in light-proof packaging 
to prevent photodegradation, the 
alteration of products due to light 
ai Le | exposure. Some reactions that occur 

— 7 within foods require light for them to take 
place. Light can cause damage to the 
chlorophyll of fruit and vegetables. These 

are the cells that give some plants their 

colour. Over time this reaction can 

cause discolouration 
in foods. 


When bringing shopping into the 
house, you might take extra care with the 
softer fruits and food unprotected 
by packaging. Some fruits and 
vegetables have their own 

protective layer, but when this 
is damaged, threats such as 
microorganisms, air and 
small creatures can get 
into the food, increasing 
the rate of spoilage. 
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Out-of-control yeast 
These single-celled fungi are often 


olUl a eles-y=) 001i hVar-lele(steMnem colole mm a=\-lellale me) al 
HOW DO THESE CELLS FORM COLONIES, 


sugars, the cells release carbon dioxide, 
which is beneficial for the baking of 
dough, as it makes it rise. Although a 
little yeast in food is good for you, when 
WTalerelalage)i(clemel ge) iad atmo) m\(2r- 1] m=) a1 k=) am Wal 
Lofele VAM i mor-]aMor-[UK1- lalicvead(e)ae 

Different strains of yeast can tolerate 
Foods with a high water content are also prime different acidities in food, but yeasts are 
targets, but processed foods can usually fight off typically the most prevalent microbe for 


mould due to the high levels of preservatives spoiling carbonated products such as 
fizzy drinks. This is due to their ability to 
added to them. 
























CONTAMINATING OUR FOOD? 


Mou id feeds on the sugar in bread, fruit and vegetables. 





Foods that contain moisture are prime targets for 
mould. Growing from spores, which are carried 
in the air around us, these thread-like fungal 
structures can become harmful when they are 
ingested. Coming into contact with food, they 
use the food’s nutrients to multiply, spreading 
over the surface and throughout the food. When 
enough mould has accumulated, it can usually 
be observed in furry or dusty-looking patches of 
white, or shades of green. 

Mould’s ability to withstand high 
concentrations of sugar and salt means that it 
can thrive on foods that bacteria and yeast can't. 
This is why it is commonly found living in jams, The grey mould found on strawberries is caused 
which bacteria struggle to survive in, and often by the fungus Botrytis cinerea 


The spread 
in bread 


How invisible spores ay Zygosaccharomyces bailii is one of the most 
create fuzzy loaves 3 iM , ; , ; 'o)gele)(=)ant- 14 (om '{=t- 11m ele] ale mia (el(e|(omceoletem-lalemel ala) 


survive in environments of very low pH 
Talemal(elamer-|aolelar-lu(elsMm oda e)aeleleceriare 
ethanol as a waste product, spoilage 
yeasts can drastically change the taste of 
relia) <i mmexelale-leallar-ic2s-em | mors lalr-| (oe M=y-) 5 
away at preservatives, which further 
gstelUcox=s-m da(=B-Jni=) 0m Lime) mm colelem-lalemel ali Le 
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Source: Wiki/DTDT 


Finding a spot 

A mould spore lands on the 
bread. The ideal location is 

somewhere cool and dark, 


with minimal air circulation. Spreading spores 


When a conidium bursts open, 
the spores inside become free 
and airborne. Some might 
land on the same bread, while 
others will find new locations 
to start growing. 


Creating colour 

As the colony grows at the 

-» surface, structures called 
conidia form at the top. These 
bud-like features hold spores 
and give the mould its colour. 


Nutrient absorption 
Root-like structures, called 
mycelium, stretch downwards 
into the bread and absorb 
nutrients, like sugar and starch, 
that will assist with growth. 


Anchoring feet 
As the mould grows, it digs 
down through gaps in the 
bread’s surface. These long 
structures are called hyphae. 


7! 
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A one degree Celsius difference in fridge temperature can translate to g one-day difference in shelf life 


HEAT-RESISTANT BAGTERIA 


Psychrotrophs 


Psychrotrophic bacteria are those 
that can grow in low temperatures. 
Some species have been known to 
survive at zero degrees Celsius or 
lower, but most have an optimum 
growing temperature between 10 
and 20 degrees Celsius. 

Multiplying at low temperatures 
is a cause for concern when it comes 
to food, as the cooler climate of the 
refrigerator will not work in 
preventing these microbes from 
growing. L. piscium is one of the 
most common ofall food-spoiling 
bacteria found in fridge-stored 
products. It mainly targets meat, 
giving itasour smell. 


Mesophiles 


These bacteria thrive in much more 
moderate temperatures, between 
25 and 35 degrees Celsius. Keeping 
food products in the fridge is a great 
way to keep them fresher for longer, 
preventing these bacteria from 
growing. Meat often has naturally 
occurring bacteria, and so keeping 
it cool before cooking stops this 
bacteria multiplying. 

L. citreum is a specific mesophile, 
called a lactic bacterium. This 
means that it can live without 
needing any oxygen, andisa threat 
to food items like cooked ham, 
which is kept in vacuum-packed 
packaging for freshness. 





Thermophiles 


Heating food over a flame is a key 
way to kill lurking microbes, but 
not all microbes are heat-haters. 
Thermophilic bacteria actually 
benefit from this heat, living in 
temperatures above 45 degrees 
Celsius. G. stearothermophilus is one 
thermophilic species, causing 
problems largely within the dairy 
industry. Being immune to the heat 
treatment of milk, it causes much of 
the spoilage in non-refrigerated 
dairy products. The bacteria 
doesn’t hold significant health 
risks, but causes unwanted 
fermentation and souring in many 
heat-treated food products. 








Berry bath 

Wash your berries 
in a diluted vinegar 
bath before rinsing, 
drying them on paper 
towels and storing in the 
fridge. This can kill any 
lingering bacteria and mould 
spores and extend their shelf life. 


Crisp celery wrap 

Keeping celery in its loose 
plastic bag can cause it to go limp. 
This is due to the release of the 
ripening hormone ethylene. Over 
time this gets trapped in the bag, 
building up to become over-ripe. 
Wrap celery in foil instead, which 
allows the hormone to be released. 


Tomatoes out the fridge 
Tomatoes that are kept in the 
fridge can lose their flavour and 
become slightly too 
soft in texture. For — 
the freshest, most 
flavoursome 
tomatoes, keep them 
in the cupboard. 


Onion and 

potato enemies 
You should store your 
potatoes away from 
onions if you want to 
keep them for a 
while. Next to each 
other, the ethylene 
gas released by 
onions will cause potatoes to 
sprout prematurely. 


Plastic-free 

mushrooms 
When 
mushrooms go 
bad, the water 
they release 
encourages bacterial and fungal 
growth, producing a slimy covering 
on their surface. If you remove the 
container they’re sold in and wrap 
them in paper, this can absorb 
some of the excess moisture. 


Separate bananas 

Being connected in a 
bunch makes bananas _ , 
ripen at the same 
time. As you are 
unlikely to eat the 
whole bunch at the 
same time, separating 
them helps to avoid them all going 
brown together. 


¢ 
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UNLOCKING THE SECRETS OF OUR 
GENETIC CODE WILL MAKE US 
MASTERS OF OUR OWN BIOLOGY 


Words by Laura Mears € 
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Researchers have found over 1 million hypothetical alternatives to DNA, but no living creature uses them 





. NA is one of the greatest inventions of 
the natural world. It’s a chemical 

~ library, capable of storing vast 
quantities of data for billions of years. Passed 
from one generation to the next, this 
microscopic structure is the engine of 
evolution. Every living creature uses DNA as 
its instruction manual. The genes contained 
within it tell cells how to make the proteins 
they need to survive, grow and reproduce. 

DNA also records history, tracing the path 

evolution has taken to create the plants and 
animals we see today. Unlocking the secrets 
of DNA not only allows us to read our own life 


and it wasn’t until the 1950s 
that they really started to 
understand how it worked. In 
the 1970s, scientists finally developed a 
technique that allowed them to read the 
letters of the genetic code. Suddenly it was 
joXest-9 Lo) (=m Cow Core) Meaty lolsmelenaensemoekjaattaa ley! 
manual and see how humans are made. 

It took over ten years to complete the first 
map of the human genome, and the results 
that came out of it were a huge surprise. 
Scientists had predicted that it would take as 
Many as 100,000 genes to build and maintain 
Ee WarvbertsVemelelehiamsLrimdelsmeltoret-bemer-eleyrits 
Project revealed that we have less thana 
quarter of that number. Even rice plants have 
more genes than we do. 








to explore” 


a 








Today’s gene sequencing technology is so 
advanced that machines can read off an 
entire human genome in a matter of hours. 

There are millions of individual sequences * 

now on public record, allowing researchers to a 
investigate the tiny genetic differences that 
make us who we are. These differences are 
the key to understanding everything from our 
family history and our physical features to 
our risk of developing diseases. 

At the moment our understanding of DNA is 
stillin its infancy, but we are standing on the 
precipice of a genetic revolution. Tracing our 
biology back to the level of our DNA will one 








story, it also gives us the CoE MimreteN (Com im oferty le) (smn) 
a ress 

DNA is a treasure trove of tr CUSsSure tr OVE diseases. But before we reach 
juatbeginniagtoerplore, IIIS la yiace ver? iotlec ora ; 
Scientists didn’t even inom it tha t VAVA sg T CO al UY code is for. | 
existed until the late 1800s, | U st b e Gg | nn i h Gg The link between some ’ 


genes and the traits they 
control is simple and clear, 
but for most the relationship 
is complex. With so few genes in the human 
genome, it is inevitable that many have more 
than one role to play in building a body. 
Genes work together in complex and 
interconnected networks to shape the people 
that we become. 

To complicate matters further, genes make 
bheKeyeVAi@-DaolepelemeyeCcmeymaniomels) ausimey aaa: 
olebort-Dewexeyeleyrslcmmy Mal-waccimeymelebard-y (cle lemuore(:) 
controls how, when and why we use our °. 
genes. How that works is mostly a mystery. 
Understanding gene networks - and learning 
to edit them - is the next step on the path to 
becoming masters of our own biology. 
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What Is DNA? 





DNA is the most famous molecule in the world, you look closely you'll notice that the alternating pair with cytosine. This means that ifone strand 

but what goes on inside that double helix? Atthe twists are uneven: one big (the major groove)and carries the sequence ATGC, the other has to have 

heart of itare four chemicals called nucleotides. | onesmall (the minor groove). the sequence TACG. 

Each contains a pentagon-shaped sugar The bases connect the two DNA strands This strictness allows a cell to easily make 

molecule, a structure called a phosphate group together like the rungs of a ladder. They form copies of its genetic code. It simply unzips the 

and a protein fragment called a base. pairs, known as base pairs, linked by strong two strands and uses them both as templates to 
The sugar and the phosphate group are the interactions called hydrogen bonds. There are assemble two new strands, copying the 

same for every nucleotide. They join together four bases —- adenine (A), cytosine (C), guanine(G) matching nucleotides into the empty slots. 

side by side to form the backbone of each DNA and thymine (T) - and they are extremely picky The most important role for DNA is to carry 

strand. Like LEGO bricks, theyonlyconnectone  aboutthe bonds they will form. Adenine will information from one generation to the next. 

way round; the phosphate of one nucleotideslots only pair with thymine, and guanine will only This information is written in code, using the 


into the sugar of the next. This means that DNA 
strands have a definite ‘up’ and ‘down’. The top is 


called the five prime (5’) end, and the bottom the How it repl icates 2 Stabilise the ahlesael sean n 
three prime (3’) end. It takes an hour to turn one DNA double strands helix unzip to expose the 


Helper proteins cling to both 
strands to stop them from 
sticking back together. 


bases inside. 


The two strands ofa DNA helix faceinopposite helix into two identical copies 
directions, one running five prime to three 
prime, and the other three prime to five prime. 
They twist together in a right-handed helix. If 
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4 . 
Four vital <Q rE 


aate) (=rect | (-1-3 3 Copy the forward strand 


DJ NVAMSHe) ef] al (om of=ssi=som pate],(om0)omual=Manlescii A protein called a DNA polymerase reads the first 
important code in the universe strand and starts building a copy on top of it. 


4 Copy the 
backward strand 
DNA polymerases can 
only move in one 
direction, so they have to 
copy the second strand in 
small chunks. 


5 Join the fragments 
* Proteins called DNA ligases heal 
Adenine the gaps between the copied 

Adenine, A for short, pieces on the second strand. 


is a purine base. It — 


always pairs with 
Peau 






ima\aanliarcy 


© Illustration by Ed Crooks 


Cytosine 
Cytosine, C for short, 
is a pyrimidine base. 

It always pairs with 
guanine. 


WHAT IS RNA? 


DNA is not the only genetic molecule in nature; 
organisms also make strands of genetic material 
called RNA. Chemically the two molecules are quite 
similar, but they have very different roles to play. 
DNA forms stable double strands that carry the 
entire genome safely from one generation to the 
next. RNA forms unstable single strands that carry 
smaller amounts of genetic data for shorter 
amounts of time. Cells use RNA to make temporary 
copies of their genes. These copies act as templates 
for the molecular machines that make proteins. The 
machines read through the code three bases at a 
time, adding the corresponding amino acid to a 
growing protein string. 





Guanine 
(CiUrlaliat-aCmne)mciale)am 
iS a purine base. It 
always pairs with 
cytosine. 


Thymine, T for short, 
is a pyrimidine base. 
It always pairs with 

eJel-lalialcy 
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DID YOU KNOW? You can extract DNA by mixing strawberries with washing up liquid, salt, water and rubbing alcohol 


8 Chromosomes 7 Nucleus 6 Chromosome 

Humans have 46 chromosomes: The chromosomes are found in Each strand of chromatin forms a = 

23 inherited from the mother the centre of the cell, protected structure called a chromosome. Twisted 
and 23 from the father. ies by two layers of membrane. 


structure 


How does two metres of DNA 
fit into a cell smaller than a 
grain of sand? 




















5 Chromatin 
DNA, together with histones, 
forms a compressed 

substance called chromatin. 





1 Bases of DNA that Carry 


The four bases carry the 


genetic code and link the two the Instructions for 
strands of DNA together. . . ” 
making proteins 


\y “ 


4 Histones 
These bead-shaped 
proteins wind the 
DNA into neat fibres. 


2 Double helix 3 Backbone 
DNA has two strands, Alternating sugar and 
twisted together to phosphate molecules 
form a distinctive spiral. make up the outer 


ribbon of the DNA helix. 


four bases as chemical letters. Scientists have 
yet to decode the meaning of the entire human 
genome, but they have cracked the code that 


makes up our genes. three-letter words using the four DNA bases. This 
Genes are the parts of DNA that carry the means that, just like in English, some genetic 

instructions for making proteins: the molecules words have the same meaning. 

that build our bodies and do the hard The codon ATG means ‘start’, signalling that 

biochemical work that keeps us alive. the instructions to build a protein begin here. 
The building blocks of proteins are amino The codons TAA, TAG and TGA mean ‘stop’, 

acids, and there are 20 different types of amino signalling that the protein ends here. The rest 

acid to choose from. The order of amino acids in correspond to different amino acids. Cells copy 

a protein dictates how the protein folds up to the genes they want to use and read through the 

form a 3D structure and howit behaves inside codons one by one, selecting the matching 

the body. amino acid and connecting it to a growing string. 

_ The instructions for building proteins are When they reach a stop codon, they know that 

written into our genes as strings of three-letter the string is complete, and the protein is ready to 

words called codons. It is possible to make 64 fold into its 3D shape. 
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Histor 
of DNA 


HOW WE'VE COME TO UNDERSTAND 
MORE ABOUT IT SINCE ITS DISCOVERY 


“They 
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MITOSIS ------------------; 
EXPLAINED 


How does one 
cell split into two 
Kel=yayu(ore] mexe) 0) (=1=5 
(o) mL esX=) | ea 


5 Interphase 

The chromosomes unfurl, 
allowing the cell to use 
and copy its genes. 










WALTHER FLEMMING 
Flemming becomes the first 
person to observe cell division, or 
wanlikeysiisian m (MeN V,otsmsto] fe] parelalelcie 
DI NVANAYiV14 ars mes al=)a nl [ere] ere] |(=1e 
aniline. He then watches as the 
oialco)nntoysyo)nat-smlamealcualeleclmnelan 
into thick threads, which line up 
across the middle of the cell. The 
threads then separate into two 
groups, and the cell splits in half. 


1809 


Charles Darwin 
publishes On the 
Origin of Species, 
describing how life 
Wie) Wiersma] gelele] a) 
natural selection. 





base their 


4. Telophase 

A new nucleus forms 
around each set of 
chromosomes, and the 
cell splits in two. 


GREGOR MENDEL 

WW/CeYaro(=) ire ma ale)al.em e)astsi-)a lace alisme) q@xe)amele)aaliarclaye 
and recessive genes after performing experiments 
on nearly 30,000 pea plants. He cross-pollinates pea 
plants to find out how traits like colour and texture 
pass from one generation to the next. He discovers 
that some traits always pass from parent to offspring, 
while others sometimes seem to skip a generation. 














Source: Wiki/TBD 


Source: Wiki/Unknown NUliateys 





FRIEDRICH MIESCHER 
Miescher finds a strange substance while 
examining the pus inside used bandages. Pus 
(oro) alee] ASM alike e)(elele er-) | seer] alem lassie (omualelig 
nuclei, Miescher discovers a chemical that 
(oxo) n=] nsw ©)aless)e) ale) ge)0sur-] elem alingele(-lamu mou alclaalccoule 


‘nuclein’. The substance is part protein, part acid, 


PARENT GENERATION 
Mendel starts his 
experiment with two 
pure-bred peas: a smooth 


variety and a wrinkly variety. 


ii at-We[-lal-muayolmecitclenaliat=ss) 
texture has two variants, 
known as ‘alleles’. 


F2 GENERATION 

When Mendel crosses 
these plants, 25 per cent 
inherit two smooth alleles, 
25 per cent inherit two 
wrinkly alleles and the rest 
inherit one of each. 


00 Aa OV VAIMAYANLO)A CS 


erejaaliarclal® and recessive 


| discovered 
Mende ding pea plants 


genes by crossbree 


F1 GENERATION 

When Mendel crosses the 
pea plants, they inherit one 
allele from each parent: a 
smooth allele and a wrinkly 
allele. The smooth allele is 
‘dominant’, so all the peas 
are smooth. 


RECESSIVE GENES 

The wrinkly allele is ‘recessive’, 
which means that the peas 
have to have two copies of it to 
end up with wrinkly skin. Peas 
with one smooth allele always 
=yaremelomsianvereaak 
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so scientists later rename it ‘nucleic acid’. 


1910 


ALBRECHT 
KOSSEL 

Kossel receives a 
Nobel Prize for 

(o [isyexe) i=) alate malelel=i(e 
acids. He works together 

with his students to analyse the chemical 
components of nuclein, discovered by Miescher. 
They find that this strange chemical contains five 
types of nucleic acid: adenine, cytosine, guanine, 
thymine and uracil. The first four are the bases 
that make up DNA. 
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DID YOU KNOW? The organism with the smallest genome Is a bacterium called Carsonella rudd, with just 182 genes 


Prophase 
The chromosomes 
become dense and 7 


compacted, forming 


distinctive X shapes. : 4 FRANCIS CRICK & 

| a. JAMES WATSON 
Crick and Watson solve the 
structure of DNA, revealing a 
ladder of bases surrounded by two ribbons of phosphates and sugars. They base 
their breakthrough on the work of other scientists, crucially Rosalind Franklin. Using 
Photo 51 for reference, they construct 3D models of DNA. They know from the 
work of Chargaff that bases come in pairs, and from the work of Linus Pauling that 
bonds between specific chemicals stick out at specific angles. At first they get the 
shape of thymine and guanine wrong, which makes fitting the pieces impossible. 
When Jerry Donohue suggests a different layout, the parts finally slot into place. 
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: ¥ ; Source: Wiki/US National 
Metaphase ie 4 Academy of Sciences 
Scaffolding called the ; 


mitotic spindle grabs 
hold of the bDincue 
chromosomes, 3 », 


forming a line across 





the centre of the cell. Ne = \ Erwin Chargaff Severo Ochoa and WETesiarcll WN Ilxetal olelxe Kel g-\eles Scientists in the UK 
! = ) publishes his work on Nau alelen <o)anlelcige 1d a\ome[cla\clu(omerele(-MaVele dale] become the first to clone 
bases. He notices that receive a Nobel Prize out how the letters eat-lanlaarclmicelaan-lan-\elelis 
DNA contains equal for working out how (oxo) a=ssjole) ale mconualcmeleli(el[ale cell: Dolly the sheep. 
F]aalol0]alusmelmr-lelclaliaisy cells make DNA. blocks of proteins. 


rate ma a\yinalialcwe] are! 


equal amounts of 
(oC r-lall atom) ale Renvane)s| alo 
Anaphase 


y The mitotic spindle wrenches the 
/ chromosomes apart, carrying a 





Frederick Sanger invents Sanger PNamialtclaatcldleare]mectclan 
sequencing, a way to read the felU)e)iKsiarexsmu alma esimere)anle) (sina 
letters of the genetic code. nate] oNe)imaat-malelan'clamel-)ale)aacy 
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DNA crystal 


The crystal contains 
thousands of DNA 


Photographic 
plate 


The crystal diffracts 
the X-ray beam, 
scattering it onto a 


molecules, packed 
together with all their 















Phoebus Levene MAURICE WILKINS Ges helix shapes aligned. photographic plate in 
eUle)iiar-somalis i NiiwaYeniola diate Kean ec\etclare|0la lave Mm Avo)a (eM AV/clan | MAVAVdllalatsmantenZes a pattern that reveals 
sore) Nalerel(-velalel= Ko A] ate Kom OXe)|(=Yo[-m Mol alele)amKeker=]01d0]c-Ml nalcle(-\ne)m DI NI-W its structure. 
model’, suggesting Working together with graduate student Ray Gosling and 
| that DNA is a string biophysicist Rosalind Franklin, he uses X-rays to photograph 
— of four types of 1d a\oMe [cla lola (om exle(<¥il m (os) a\~] €ct0)a(-0)i mw e-18],4l a bse ©)alekele] ¢-10)a\s 
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X-ray beam 
2) 00 a A slit focuses the X-rays 
i a PRAPHY inn eae le 
WORKS 


1902 


ROSALIND 
FRANKLIN 
maclal.<llamers] e1uela=ts 
Photo 51, revealing . 
the helix shape of the Source: Wiki/Laboratory 
BD) NY-NWante){=rel] (=m (olexed(=y-l 4 of Molecular Biology 
e]ale sina .dialem e)acecele|e-]e)amicmlasinaelant-ale- mle 
deciphering the structure of DNA, although 
Watson doesn’t acknowledge that until after her 
death from ovarian cancer in 1958. Crick, Watson 
and Wilkins receive the Nobel Prize for the 












X-ray tube 
High-speed electrons 


discovery of the structure of DNA four years later. ae a ee collide with a metal plate, 
generating X-rays. 
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THE SCIENCE OF DNA HAS ALREADY 
CHANGED THE WORLD WE LIVE IN 











© Getty 


CHEEK SWAB 


Gently rubbing the inside of the cheek 
removes the top layer of skin cells, 
felae)valelIarem=larelele|amD)\/-Wxe)aucessia] alep 
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blood tests look at the genes in white 
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SALIVA SAMPLE 


Saliva contains cells from the cheeks, 
making spit samples an easy way to 
(ore) |=vormm BD) NV wim ale)aat=e 











HEEL PRICK 


Tiny blood samples taken when babies 
are just a few days old can reveal 
fe)go)e){=1anlsmiamual-me)(elelemer-]0|s\o1e ll O)V7 
(o[=Yal-yalemexe) are lute) aise 





The plant Paris japonica has the longest genome ever sequenced: a whopping 149 billion base pairs 


REBUILDING HISTORY 


Skeletal remains can contain traces of 
ancient DNA for thousands of years. 
Extracting and sequencing this genetic 
material can reveal not only the sex of 
the individual - whether they had a Y 
chromosome or not - but also their 
ethnicity. This can help to retrace the 
steps taken by our ancestors as they 
spread across the world. 


SOLVING GRIMES 


Forensic scientists identify DNA by 
examining sequences called ‘short 
tandem repeats’. These sequences 
occur in the gaps between genes and 
contain three or four DNA letters, 
repeated a different number of times 
in different people. Scientists count 
the number of repeats and compare 
them to repeats in a suspect’s DNA. 


IDENTIFYING FATHERS 


Children inherit half of their genes 
from their mother and half from their 
father. In a paternity test, scientists 
compare around 15 genes from the 
mother, child and potential father to 
see how similar they are. Statistical 
analysis gives a score called a 
‘combined paternity index’ - the 
likelihood of the person tested being 
the father. 


ESTIMATING ETHNICITY 


Ancestry is written into DNA like a 
fingerprint. Different populations of 
humans, separated by geography, 
develop their own unique mutations. 
These pass along from one generation 
to the next, leaving traces in genetic 
code. Comparing a genome against 
thousands of others can reveal where 
a person’s ancestors came from. 


REPAIRING GENES 


A handful of gene therapies are now 
licensed for use in human patients. 
These cutting-edge treatments use 
harmless viruses to carry healthy 
human genes into cells with genetic 
faults. The viruses paste these 
healthy genes into human DNA, 
fixing rare genetic disorders or killing 
cancer cells. 


MEDICINE FOR YOU 


Tiny differences in our genes change 
the way illnesses affect us. A tumour 
might shrink in response to 
chemotherapy in one patient and not 
respond at all in another. Genetic 
testing can reveal which drugs might 
work best for which person, allowing 
doctors to match treatments to 
patients based on their unique 
genetic make-up. 


“We will gain the power to reparr, 


edit and rewrite our genes” 





AMNIOCENTESIS 
yNaalalcolacomileliemexe)ait-liaises).4iame=)|smicelan 
a developing baby. Extracting a small 
sample allows doctors to test for 
(o[elal-ya(omexe)aleliale)aise 


CHORIONIC VILLUS SAMPLING 


The placenta is genetically identical to 
the developing foetus. Cells from the 
fe) [excl alto mers] a a\"4-t~] Me|clal-a[em exe) aleliiie)ars 
early in pregnancy. 






DNA testing can help to 
reveal the identity of 
unknown human 
remains 
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Genetic engineering can make plants 
resistant to pests and climate change 
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Gently swabbing the cheek dislodges 
enough cells for a DNA sample 


FINE NEEDLE ASPIRATION 


Extracting a small number of cells 
from inside the body can reveal 
genetic changes in diseases 
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OF DNA 
OGIENGE 


Over the next century, 
advances in DNA science 
are set to change the world 
forever. Armed with 
hundreds of thousands of 
Unique human genome 
sequences, scientists are 
now working on the 
painstaking task of 
deciphering our genetic 
code. Understanding how 
each section of sequence 
controls the traits we inherit 
could lead to breakthroughs 
across dozens of different 
fields. It will tell us how we 
evolved, why we get sick 
and what happens as we 
age. As genetic engineering 
improves, we will gain the 
power to repair, edit and 
even rewrite our genes. 
Research scientists can 
already change the genes of 
laboratory animals, editing 
the letters to erase 
dangerous mutations and to 
enhance the traits that 
nature evolved on its own. 
As these techniques 
become safer, and as our 
understanding of our own 
genetics grows, we will 
gradually gain the power to 
change the genetic destiny 
of our species. 
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3 
BILLION 


It would take you 
around 300 years to 
count each of DNA’s 

base pairs 


20,000 


The human genome 
contains around 
25,000 genes 





Each human gene 
ora codes for an average 
N“AFRIUCAIN | , of three proteins 





DID YOU KNOW? Your DNA could stretch from Earth to the Sun and back around 450 times 
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ydrogen: 
the unifying 
element 


The most common element in the 
universe is actually quite rare here 
on Earth 


Words by Andy Extance 





ydrogen is the most important element 

there is. Itis both dangerous and 

essential at the same time - just two ofits 
amazing qualities. Hydrogen can be foundin 
our bodies and many things around us. Also, 
hydrogen connects us all to the start of the 
universe - and all other things! 

The special qualities of hydrogen start from its 
building blocks. In its most familiar form, 
hydrogen is the simplest element. Its atoms have 
just one proton and one electron. Like most 
other elements, it has isotopes with extra 
neutrons. But hydrogen is the only element with 
named isotopes. It’s called deuterium when it 
has one neutron and tritium when it has two. 
This is more than just a curious fact - our 
lives rely on hydrogen’s isotopes. 

That's because at the heart of the Sun, , 
hydrogen atoms fuse together to make “” Se Ste te oa b* Sasa: 
deuterium. One proton becomes a neutron | j 
in the process, releasing energy that becomes 
the heat and light we rely on. This is a similar 
process to the one that happened following the 
Big Bang, making hydrogen and leading to all 
the other elements. Most of the hydrogen in our 
bodies and everything else was made then, 
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tying us to the start of the universe. He 
This simple atomic structure makes hydrogen Ml ‘s. “Nall 
much lighter than air. It enabled human flight in = al 
airships until another of hydrogen’s key Na Mg Ar 
properties _ its say: PC OniaeS so well with ' K = Ca " Sc 2 Ti a Vv “cr “vin ™ “ke 
oxygen that it burns easily, infamously a . 
destroying an airship called the Hindenburg in pep St Y)6=62r 60ND Mo Te §=6Ru Xe 
1937. Yet as they burn, hydrogen and oxygen  - | ae foe be W o> ie we ie ee Hg = 
make water, which we need to stay alive. _ | . 
Hydrogen reacts similarly well with many “Fr Ra Rf Uuo 


elements, making important substances. The 


materials hydrogen makes with carbon are the Ge ee 
building blocks of living things like us. With so -— fe = ar 
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many important roles, hydrogen is truly the first 
among the elements. 
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Hydrogen came first in the universe, and does in the periodic table too 


People are trying to use hydrogen for power instead of ail and gas, because it doesn't release pollutants 


“Hydrogen 
connects us all 
to the start of 

the universe’ 


Lots of hydrogen is used 
to remove rexe)itetaiare) 
sulphur from myeLaulaclmetcts 


Rocket fuel 

When burned together with 
oxygen, hydrogen is the 
most efficient rocket fuel 
there is. It has powered 
many space launches, 
including NASA’s Space 
Shuttles. It’s used as a 
liquid, meaning it must be 
kept very cold, which is 
difficult to do. 


Oil refining 

The UK alone uses 100,000 
tonnes of hydrogen a year 
to turn natural gas and oil 
into useful products. When 
they come out of the 
ground, gas and oil contain 
sulphur, which creates 
pollution when it’s burned. 
Hydrogen helps remove 
the sulphur. 


Liquid 

hydrogen, 
burned 
together with 
Oxygen, is uate) 
Most efficient 
rocket fue| 





Making fertiliser 
Farmers can produce much 
more food than in the past 
thanks to fertiliser. This 
gives plants the nitrogen 
they need to grow in the 
form of ammonia. Large 
factories make ammonia 
from hydrogen and 
nitrogen from the air using 
the Haber-Bosch process. 












Henry 
Cavendish 
Was the 
first to 
realise 
hydrogen 
Was an 
element 


x3 Images © Getty 


Mining metals 

A lot of the metals we use 
come out of the ground 
locked up together with 
oxygen in rocks. Because 
hydrogen reacts so well with 
oxygen, it can pull it away 
from the rock. This leaves 
pure metal in a usable form, 
and the only by-product of 
this is water. 
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DID YOU KNOW? The main waste product of sogp making, glycerine, is ag key ingredient in dynamite: nitroglycerine 


n March 2020, soap sales in the UK more than 

doubled. This slippery, bubbly substance has 

a unique chemical make-up that allows it to 
rip through viruses, disintegrating microbes in 
milliseconds. It has truly been a lifesaver during 
the coronavirus pandemic. 

Invented in the ancient world, the first soap 
was just a paste made from fat and ash. People 
discovered it while trying to remove grease from 
wool, noticing that mixing burnt wood with 
water made the process easier. At a microscopic 
level, alkalis in the ashes were reacting with fats 
in the grease to create soap molecules. Over 
time, people refined the soap-making process, 
learning to boil the fat and ash together to create 
soap before applying it to their cloth. 

By the Middle Ages, soap makers had started 
to spring up in Europe, where cloth manufacture 
was big business. They chopped down huge 
woodlands to make ash and mixed that ash with 
whatever fat they had available. In the north, 


“Soap rips through 
viruses, disintegrating 
microbes in 
milliseconds” 


How soap cleans 


Clever chemistry allows soap molecules 
to dissolve in both water and oil 


Double-ended 
soap molecules 
Each pin-shaped soap 
molecule has a head that 
dissolves in water anda 
tail that dissolves in fat. 








Water-hating grease 
Stubborn dirt clings to surfaces 


that don’t like to dissolve in water. 












because it contains fats and proteins 





Soap has revolutionised healthcare by 
helping to stop the spread of germs 


this was tallow made from animal fat. 
Unfortunately, tallow was an essential 
ingredient for making candles. To keep candle 
prices low, soap making was taxed, and soap 
was reserved for cleaning cloth. 

It wasn’t until the 1800s that the cleaning 
power of soap was properly unleashed. 
Around that time, illnesses like typhoid and 


cholera were rife. Most people didn’t have easy 
access to running water, and many believed that 
washing their skin would cause disease. But this 


was the century of sanitation, and that was all 
about to change. 


Protective bubble 


The heads of the soap 
molecules dissolve in water, 
shielding the water-hating 
grease inside a bubble. 





“a 


Agitate to lift 
As we scrub, the dirt 
starts to lift away from 
the surface, and more 
soap molecules pile in. 





_ Attack the grease | 
The tails of the soap 
molecules are attracted to 

the fats in everyday dirt, like 
the oil in spilled food. 








How soap Is made 


eColE Moya) am arsyeremanomlalelactel (slalom nem at-](= 
soap: an alkali, like sodium or potassium 
abel ge) die(=mur-lalem- Mile il Comes] 1(e)nime) mre) iiV(=) 
oil. The fat supplies molecules called 
triglycerides, which have a backbone 


aarele(sMage)aame|\Vcex) ce) Mam Mal-lme| hers] ge) i 
attached to three fatty acids by bonds 
called esters. When you mix triglycerides 
with an alkali and apply heat, the ester 
bonds snap, releasing the fatty acids 
from the glycerol. The alkali then 
neutralises the acids, and this is what 
forms the soap molecules. Each 
neutralised molecule has a fatty acid tail 
r-) mo) at= =) ale Mur-lalem-Meial-]ge(=\e Me a(-t-(ear-] mae) 
other. This makes them ‘amphiphiles’ - a 
word that literally means ‘both love’ - 
reC=t-Yorglo}iaremanl=tiar-) eam Ke mel Ise) h)(-M lam olelay| 
fat and water. 


Dyes and perfumes turn simple soaps into 
bath-time treats 





Wash away 
Trapped grease can 
no longer stick to 
the surface, or to 


other grease, so it 
just washes away. 
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Louis Pasteur proved that germs made people Soaps afen’t just for 
cleaning; they’re 


sick, John Snow noticed that cholera outbreaks ’ 
. added to oils to make 

were spread by dirty wateranddoctorsmadethe |#==ya" eee 

link between hand hygiene and the bore 

transmission of infections. As a result, local 

governments started to install sanitation 

infrastructure in towns and cities, building 

sewers, digging drainage and supplying their 

populations with clean water. And in 1853 the 

soap tax was finally lifted. 

Soap manufacturers started to put effort into 
making gentler soaps for use on skin, adding 
perfumes and dyes to make their products more 
appealing. And people finally started using it to 
wash their hands and bodies, completely 
revolutionising personal hygiene. 








Soap lifts stubborn stains from clothes 
by dissolving grease and grime 
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2019 
Soap becomes 
humanity’s first line of 
defence against the 
coronavirus pandemic. 


1200 CE 1853 
Soap makers start to The soap tax in England 
appear in England, is finally abolished, and 
but soap production washing becomes 
is heavily taxed. more common. 


1550 BCE 100 CE 


A Greek doctor, 
Galen, notices that 
soap is good for 
cleaning the body. 


History of soap 





Ancient Egyptians 

coat their skin with 

pastes made from 
oil and soda ash. 


Source: Wiki/Spindoy 





Source: Wiki/ Laurentius 
Source: Wiki/Liana i 





. : 
2800 BCE 600 BCE 700 CE a | 1600 1914 
Ancient Sumerians Ancient Phoenicians An Arab chemist, | NIGHTS | Soap is so rare in Oil shortages during 
start cleaning wool make laundry soap Geber, writes about joules | Europe that most World War | drive German 
\ ay common people have scientists to invent the 





Using Soap as a way 


using goat tallow 
to keep clean. 


and burnt wood. 


with mixtures of 
Source: Wiki/Scientific Animations 


ashes and fat. ire $e 4 no idea how to use it. first synthetic detergents. 
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DID YOU KNOW? Soap scum is only a problem in hard-water areas — it gpapears when sogp molecules react with calcium 


HOW SOAP KILLS 
CORONAVIRUS 








SIMPLE SOAP IS ONE OF THE BEST DEFENCES 





WE HAVE AGAINST COVID-19 


Le 


Virus particles 
SARS-CoV-2 is an envelope 


= 


Soap molecules 


Soap molecules have two 
ends: a head that loves to 
sit in water and a tail that 
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Bubble disruption 
iiat-wsior=] om a ae)(-\e10] (som dn lolol 
Ialcian)e)e-lal-waale)(-tel0|(o\smelUl mei 
the way, interfering with the 
delicate structure of the 
virus’ protective bubble and 
making it fall apart. 
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“Doctors made 


the link between Bubble burst ——— 
hand hygiene and xzsziranensot eso 
transmission” = Whe Pa eral ae EE 





Soap invasion & 


The fat-loving tails of 
Soy] oN nate) (=\elU] (stom aN Vicle(=) 
the membrane of the 
coronavirus, inserting 
themselves into its 
protective bubble. 





virus, which means that its 
genetic code is protected by 
iula\yaelele)e)(-me)mant-lanle)e-lalcr 
Like soap, this membrane is 
re] Som a atele(oMe)m ante) (ctele|(=ss5 
with heads that love water 
and tails that love fats. 
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The process takes time 
Soap can destroy an individual virus in 
microseconds. But it takes around 20 
seconds of washing to coat every inch 

of your hands in bubbles. 
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046 Detecting space hazards 


052 Asteroids, moons and 
dwarf planets @--~._ Zaha 


056 What’s in interstellar Ae 
Space? </ 


058 The Hidden universe * ~ 


O62 The Solar system’s 
outer limits 
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Detecting space 
haza rds 
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The UK remains an active member of the ESA, which ts a separate entity from the European Union 





Words by Andrew May 


hreats from outer space: it sounds like 

science fiction, but at some level Earth 

has always been vulnerable to them. 
Think of the giant asteroid that wiped out the 
dinosaurs 66 million years ago. Fortunately such 
occurrences are extremely rare, but there are 
other natural phenomena - in the form of solar 
storms - that can strike from space much 
more frequently. 

These have little effect on living things, but 
they can play havoc with the electronic systems 
we increasingly depend on, with satellite-based 
technology in particular at risk of being affected. 
To make matters worse, the proliferation of the 
latter has created anew space hazard ofits own 
in the form of orbiting debris with the potential 
to destroy other satellites. 

Numerous organisations around the world 
have been set up to address these threats, but it’s 
usually done ina piecemeal fashion. In America, 
for example, the tracking of space debris is 
carried out by the US Space Force, the monitoring 
of ‘space weather’ is coordinated by the National 
Oceanic and Atmospheric Administration and 
the search for potentially hazardous asteroids is 
the job of NASA’s grandly named Planetary 
Defense Coordination Office. The European 
Space Agency (ESA), on the other hand, has 
adopted a unified approach to all these activities 
under the umbrella of its Space Situational 
Awareness programme. Set up in 2009, this is 
divided into three segments covering space 
weather, near-Earth objects and space 
surveillance and tracking. 

The emphasis in all three areas is on the 
detection and tracking of potential threats. As 
long as these are known in advance, appropriate 
action can be taken to minimise danger. The 
projected impact site of an asteroid can be 
evacuated, for example, or asatellite ona 
collision course with a piece of space debris can 
be moved to a different orbit. 
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Fuel left in old rocket stages can explode, 
creating a cloud of space debris 
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The ESA's Lagrange mission will be a 
dedicated space weather observatory 


equidistant from selacamelaccmeatcwelela 












Robotic arms 
ClearSpace-1 will use 
its arms to grab hold 

of Vespa and pull it in. 















ClearSpace-1 
spacecraft 
Following launch, this 
will rendezvous with the 
target object Vespa, 
currently in an elliptical 
orbit around Earth. 


Mission to 
clean up orbit 


lel aovaliave mia WA@VsoPm Wal icm absyA\ 


spacecraft will attempt to 
de-orbit a piece of space junk 

















Vespa payload adapter 
Weighing 100 kilograms and launched 
by the ESA in 2013, this helped deploy a 
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. De-orbit burn 
_ Once ClearSpace-1 has 
_ secured Vespa, it will 
fire its rocket to break 

out of orbit, burning up 
_ in the atmosphere. 
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The satellites we depend on for communication, 
navigation and environmental monitoring are 
under increasing threat from all the junk that’s 
up there in orbit with them. This includes 
derelict satellites and the rocket stages used to 
launch them, but if that was the extent of the 
problem there would be a manageably small 
number of objects to keep track of. 

Unfortunately, those objects have a tendency 
to multiply, partly due to explosions caused by 
residual fuel and partly through collisions. 
Events like these can create thousands of 
smaller fragments, which due to their high 
speed and random orbits, pose at least as much 
risk as the original object. 

Working satellites are equipped with 
manoeuvring thrusters so they can be moved to 





Space debris can travel at speeds of up to 17,500 
miles per hour when orbiting the Earth 
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a different orbit if it’s known that a piece of space 
debris is heading their way. With tens of 
thousands of objects large enough to cause 
serious problems, though, it’s no easy task to 
keep track of all of them. Yet that’s exactly what 
the space surveillance and tracking segment of 
the ESA’s Space Situational Awareness 
programme has to do. It employs a network of 
telescopes, radars and laser-ranging stations to 
detect and track objects, then processes the 
resulting data at ESA mission control in 
Darmstadt, Germany. The latter will issue an 
alert if evasive action is deemed necessary. 

This system works well at the moment, but 
that won't always be the case. Ifthings carry on 
as they are, the space debris problem will get 
much worse in the future. The number of new 
satellites being launched is higher than it has 
ever been, while the number of fragmentary 
objects is increasing due to ongoing collisions. 
The worry is that the amount of space debris 
could reach a tipping point, beyond which there 
is a continuous cascade of self-generating 
collisions. Known as Kessler syndrome, this 
would render certain orbits unusable if it 
continued unchecked. For this reason the ESA is 
also considering methods for the active removal 
of space debris. Its ClearSpace-1 mission, ifit goes 
according to plan, will be the first in the world to 
remove a piece of space debris from orbit. 


satellite, but is now just space clutter. 
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DID YOU KNOW? A microscopic piece of space debris left a chip in the International Space Station's Cupola window 
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DISCARDED 
ROCKET STAGES 
Although the lower stages 
of launch rockets fall back 
to Earth, the upper stages 
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DEFUNCT 
SATELLITES 
Although satellites usually 
de-orbit at the end of their 
life, they may fail 
e)gclantcluelaclWarclalemcia(emel© 
Sine @lanelae)ie 


UNIDENTIFIED 
DEBRIS OBJECTS 
il alismer-1n-\ele) ava ere)\{-1 650) 0) [-\e1nom(-] ge (= 
enough to be observed and tracked, 
but too small to identify specifically. 


dK!) LEI 10) 1 HC SS Bro Ay) 
Unspent fuel in tanks and rocket 
thrusters can explode accidentally, 
for example due to heat stress. 


Unknown: 14.29% 
(©) 0) [=Yo1nsm al-laom 0) 40) 01-10) \vael=1 (ela (emcekelalcne)i 
the other categories, but there is 
insufficient evidence to say which. 


Deliberate: 23.77% 
In the past, before fragmentation hazards 
were understood, satellites were sometimes 
blown up at the end of a mission. 


Anomalous: 5.64% 
Parts of a Satellite that are meant to stay 
attached, such as solar panels or 
insulation, may accidentally break loose. 





FRAGMENTS OVER 
TEN CENTIMETRES 
These are below the threshold for 
surveillance and tracking, but 
numbers can be estimated. 


Collision: 9.01% 
If one satellite is hit by another, 
or by space debris, the result is 
likely to be yet more debris. 


Accidental: 0.8% 
TaWclsiantel|malelanlel> ae )imersls\=so 
satellites may break up simply 


because they were badly designed. 


FRAGMENTS UP TO 
ONE CENTIMETRE 


At the smallest size, serious 
damage is unlikely, but there 
can be cumulative 
sandblasting-like 
degradation, especially to 
solar panels. 





FRAGMENTS UP TO 
TEN CENTIMETRES 


Even at this small size, objects 
fore] a avi (e1mexe)assjle{=)¢-]0)(omer-]aatelel= 
in a collision if the relative 
Sjelercre misma (clan 


Electrical: 6.4% 
As with fuel explosions, 
satellites can also be 
destroyed by exploding 
batteries, although this is 
less common. 







Aerodynamics: 0.56% 


Because satellites in low-altitude orbits 


are not in total vacuum, some have 
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been broken up by atmospheric drag. 
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050 How It Works 


A 20-metre asteroid exploded over Russid in 2073, causing ag huge shock wave 
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DID YOU KNOW? There are more than 1,100,000 known asteroids in the Solar System 





ur Solar System is essentially made 


up of different sized and shaped Types rey i asteroid 


rocks, and a couple of big balls of gas, ; 
i _ : There are three types of asteroid, and 
which are all orbiting a hydrogen-burning x 
e¥e(o1 nel ak=) ecm lamexe)anlelesiiaie)a 


behemoth we call the Sun. To give this 
interconnected system order, scientists 
throughout history have categorised the Solar 
System’s largest celestial bodies into 
terrestrial planets, gas giants and ice giants. 
But what about the smaller stuff? 

Dwarf planets, moons and asteroids fill our 
Solar System. At the current count there are 
five dwarf planets, over 200 moons and 
between 1.1 and 1.9 million asteroids that are 
over 0.6 miles in diameter residing in the 
Solar System. But how do you define what’s 
what? There is a whole host of criteria that 
the International Astronomical Union (IAU) 
has outlined to determine whether a celestial 
body is a dwarf planet, moon or asteroid. 

In brief, a dwarf planet is a celestial body 














that orbits the Sun and assumes an C-type S-type M-type 
approximate spherical shape, and has also Also known as carbonaceous These are stony asteroids that Metallic asteroids are mostly made of 
PACERCsRdsCRR Rh colihits Blacher delimes delat -) (ol ate) ale [gine Welsik-)ae)(e\sear-] ce)0 ple mslOnel=i¢ (oxo) alte] ia ele] ams)|ilerlnscwelae nickel and iron. The differences in 
‘velv sized bodi h cent of the asteroids in the outer nickel-iron metal. They also appear their composition relate to their 
comparatively sized bodies. Moons, on the edges of the asteroid belt are C-type brighter than the dark, olceydinalinvacomdalomslelarm Dela lace mualciis 
other hand, are natural satellites that orbit rocks. These, almost coal-black of=]g oXelar-lor-(olelswernlolale laine @niayjel~ formation, while exposed to high 
other larger celestial bodies. However, the asteroids contain large amounts of asteroids. These stony S-type temperatures close to the Sun, these 3 
id ‘ ‘fic definiti f hati carbon and are mostly solid, asteroids make up nearly a fifth asteroids were partly melted. This S 

IAU provides no scientific definition of what it Tave|{orclalate i up\-lenua\\/aanTe\VART-N ioe 8\-\-18 of all known asteroids in the resulted in the formation of an iron = 
means to be amoon. molten at some point in time. Solar System. core and basaltic surface. B 

Asteroids are smaller than planets and 6 
moons, but share the behaviour of orbiting 
the Sun. These rocks fail to meet the smaller companion, such as the asteroid Ida Giuseppe Piazziin1801. Because of its 
classification.criteria of planets and dwarf and its mini-moon Dactyl. relatively minute size - around 0.015 per cent 
planets, particularly because of their lack of Dwarf planets, moons and asteroids have of Earth’s - Ceres was initially classified as 
mass and irregular shapes. Like wood been circling the Sun ever since our Solar both a dwarf planet and an asteroid. The first 
shavings on the floor of a carpenter's System formed 4.6 billion years ago, but it aUCeMtmey weileleyetcpmeyemmelsmeldelsy aot: bilemmlwiitey cs 
workshop, asteroids are leftover chunks of wasn’t until the early 1800s that scientists tricky to pinpoint, considering there’s one 
rock from when the Solar System formed. around the world started recording the that’s been noticeably sitting in our sky since 
They can vary in size and shape, but all of existence of dwarf planets. before humans were capable of asking what 
them have a mass smaller than Earth’s Moon. The earliest dwarf planet discovered, it was. However, the Nebra sky disk, an 

The majority of asteroids in the Solar called Ceres, sits between Mars and Jupiter Vala (velm-Dak-vts(Mmerlebetemey-(ae-baelleeleme motels) 
System can be found in the asteroid belt, and only spans 580 miles in years, is thought to be the first 


ostesnisomelsjey(uuleyemeymaels 
cosmos, and includes 
Earth’s Moon. 


which sits between Mars and Jupiter,though diameter. It was spotted 
some trojan asteroids share the orbitofother byItalian 
planets. 150 known asteroids also havea astronomer 


* 


7 Pl 
The problem with Pluto Ree se 
Arguably one of the most controversial decisions ever bn et 
made in the field of astronomy, in 2006 the spaciaete 






Taic=gar-iacelar-]MACiaaelarelanl(or-|M@lalcolam-lalarelelaversvemaal-| mm aal= 
planet at the end of the Solar System would be stripped 
of its planetary status. Joining the likes of Eris and 
O21 gt oa [UL ROMY C= ;-Mel=lanlornctemmomel"\r-laim ol t-la(-1m 

. Although Pluto meets some full planetary criteria, 
such as its spherical body, which has been rounded by 
gravity, and the fact that it orbits the Sun, the problem 
with Pluto is that it hasn’t cleared away its 
malzlielalerelelaarelele Mme) mel dal=)are)o) (for n-mm DIU glace m-lale mii a(ecom | a 


formation, Pluto didn’t hoover up or eject other celestial 2 SASS SC AN H FRE 


bodies from its orbital path like its planetary superiors. 


© NASANohns Hopkins University Applied Physics Laboratory/Southwest Research Institute/Alex Parker 
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DISCOVER SOME OF THE | 
MANY DWARF PLANETS AND | 
MOONS ORBITING IN OUR 
SOLAR SYSTEM 
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mele] ale m-]q010 ae e-sane)|| lela manlli=smacolan Haumea sits in the Kuiper Belt and is om Isme)alome) ima a\owaale)simnvie) [er] a (er) | Callisto has a circumference.of 9,410 
the Sun, just outside the orbit of er one of the fastest rotating large 3 active bodies inthe Solar System. | | miles, which is almost as big aS") 
Neptune, this dwarf planet is the . objects in the Solar System. A single : There are hundreds of volcanoes Mercury. Not only is this moon 
second-brightest object in the Kuiper day on Haumea is equivalent to four covering the moon’s surface, each of ; impressively large, it also has a salty , 

i Belt - the first being Pluto. Its 1 ot hours on Earth, but due to its | them spewing lava dozens of miles i 1 secret deep below its icy surface. I 
discovery in 2005 prompted the proximity to the Sun, one Haumean alte]avarc] (e)aleMUUiseM(cl.<ossmelmaale)iccia : Discovered in 1610, it wasn’t until the 
International Astronomical Unionto | |  yearis equalto 285 Earth years. This | ! silicate. It’s thought that Jupiter’s ae: 1990s that scientists proposedthe {a 
form a new classification of celestial oval-shaped dwarf planet also has : intense gravitational pull is the lo moon has a subsurface ocean about = 
1 bodies, called dwarf planets. 1 1 two moons: Namaka and Hi’iaka. is reason for lo’s explosive nature. iz i 155 miles below its surface. iz 
I I | I I I I : | 
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The Moon Its moving about 3.8 centimetres gqway from Earth each year 















“Asteroids 
gre leftover 
chunks of 
rock from 
when the 
Solar System 

formed” 


Europa Hyperion 


Another of Jupiter’s many moons, 
. Europa is one of the oddest: a 
shearer eet ccctnc -160 
degrees Celsius, this frozen satellite 
bears strange streaks. These 
narcladiaresielecuaatellle] aimed ol-Kolc-lol calle 













Not all moons are spherical. Some, 
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Often called the Death Star moon for 
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Although the structure of Titan 
its similarity to the space station in | 
| 
| 
| 
I 
I 
| 
I 
I 
| 
| 
| 
| 
I 
| 


icclanreliavsmelalei(cv-lemsvel(sialaisiacmaa) ial @iies) 
core is made of rock around 2,500 
aalitcsswlamelf-laa(qlkslemsielacelelare(sien e)\, 
layers of water ice. This satellite has 
a dense atmosphere, which gives it 


mW el=\d(e)aMrcl dom laacielel(-larelalemillicemuaian 
deep caverns. With a lower density 
darclaM 1K) emealsmanelelamicmanicle(melene)i 
water ice and likely frozen methane 


Star Wars, Mimas is one of Saturn’s 
smallest inner moons. Its iconic 
impact crater, named Herschel after 
English astronomer William 


© NASA/JJPL/Space Science Institute 


© NASA/JJPL-Caltech/Space Science Institute 








© NASA/JPL-Caltech/Space Science Institute 


(ae 
the moon’s icy surface, which may al its yellow hue. The composition of Herschel, who discovered Mimas in (o) mror-] a ole )a me |[e) 410 [oom VJ 01-18 (0) 0s) 
have been caused by the tidal forces a this atmosphere is primarily nitrogen 1789, spans 80 miles and reaches appearance is thought to be the 
of an ocean deep beneath it.” < late Bsve)ealcmaalcisalclaice 3.5 miles high at its peak. result of its distance from Saturn. 
— . < 
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What’s In 








The darkest regions of the galaxy birth the brightest stars 


no longer impacted by the outflow of material 
from surrounding stars. 

The environment between the galaxy’s 
stars contains large clouds of gas - mainly 
made up of hydrogen and helium - and tiny 
dust particles. Its density can vary by 


espite being as close to a vacuum as 

can be achieved within our galaxy, 

interstellar space is far from empty. 
Beyond the Sun’s surrounding bubble, which 
is created by the solar wind, interstellar 
space is defined as the region of space that is 





Voyager 1 





interstellar space? 








location, but on average the medium contains 
just one atom per cubic centimetre. Mostly 
located at the outer arms of the Milky Way, 
where stars are more sparse, interstellar 
space makes up about five per cent of the 
galaxy’s total mass. 


This area is the boundary 


bubble that’s surrounding 
the Sun. The contents of 


Interstellar wind 

As the Sun moves through 
interstellar clouds, some neutral 
atoms enter the heliosphere, 
forming interstellar wind. 


| 
| 





Heliosph ere aan in 1977 to explore the Solar Heliopause 
ystem’s outer planets, Voyager 1 
went on to become the first of the heliosphere, the 
spacecraft to enter interstellar space 
in August 2012. It is now over 14 
billion miles away from Earth. the heliopause are the 
furthest point from the 
Star to be influenced by 
its material and its 
Voyager 2 magnetic field. 
Though launched 16 days before 
Voyager 1, this spacecraft entered fi 
interstellar space six years later and : 
allowed a second, closer analysis of its 
environment. The recorded 
temperature at the other side of the 
. PS heliopause was about 30,000 degrees 
NS caqie all Celsius - much hotter than expected. 
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Planets not to scale 


Kuiper Belt 
Objects 





10° AU Termination shock 
In this area, particles in the solar 
wind slow down to travel below 


the speed of sound. 


Bow shock 


Beyond 
the border 





The heliosphere forces its way through 
interstellar space as the Solar System moves 
through the galaxy. This movement creates a 


Interaction zone 

This area, where the solar wind 
pushes against the particles of 
the interstellar wind, is called 
the interaction zone. 
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Interstellar Wind 


bow shock in its path as it drastically changes 


What lies outside 
the Solar System? 


10 AU = 1.39 Light Hours 


056 How It Works 


in temperature, density and pressure. 
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100 AU = 13.9 Light Hours 








DID YOU KNOW? The Solar System could leave the Local Interstellar Cloud within the next 20,000 years 





When matter returns to the interstellar 
medium as a result of a star’s death or being 
ejected into space from a star, it brings with it 
heavier elements such as iron and silicon. 
These elements are circulated by the gravity 
of surrounding stars, forming large, 
okoyeLacpermesicsremedCopvCocmmetsimele)Comaetemoleiccvelat ane) 
condense and form new stars. As this matter 
condenses, it forms molecular clouds - also 
known as stellar nurseries - where stars are 
born. It’s this variation in density across 
interstellar space that allows it to form new 
astronomical bodies, like stars and the 





complex planetary systems weknowtoday. = - ' 

We have the continuous evolution of the : As Voyager 1 (top) enter ed inte rstellar 

material between the starstothankforour <= SPace, Voyager 2 (bottom) was exploring boil 

Nemie world aiid-our existence S the outer reaches of the solar bubble a aN 

e ©) 

The oar and es .°* 
Interstellar Clou : | . - | 
The Solar System is travelling in terstellar Medium . j eS 


through this wispy-looking cloud of 
hydrogen and helium gas. Also 


known as the Local Fluff, it 
stretches across 30 light years. Its 





magnetism has helped it survive a The G-Cloud 
under intense pressure and heat une aad eysteln A 
from surrounding star explosions. _ eee ae aod 
: o this cloud, which contains 
=) Oort Cloud 


the Alpha Centauri system. 
Approximately halfway between 


the Sun and the next-closest star, 
a cloud of icy comet-like objects 
can be found in the darkness of 
interstellar space. This area could 
contain trillions of objects, some 
as large as mountains. 


© Solar Gravity Lens - Roane plaiete 
= AsVeiwed from the Focal Line Most planets are pulled into 
. orbit by stars. However, 


some, called rogue planets, 
exist by themselves in the 
interstellar medium. 


| , Alpha Centauri 
“4 . This is the closest star system to 
| our Solar System. The boundary 
| around it shows the distance 
reached by Alpha Centauri’s 
stellar wind and where the 
interstellar medium begins. 





"AU . 
aa 
S 
1000 AU = 138.6 Light Hours 10,000 AU = .16 Light Years 100,000 AU = 1.58 Light-Years | he 
. EE ee = 





© Charles Carter/ Keck Institute for Space Studies 
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DARK MATTER AND DARK ENERGY MAKE UP 
95 PER CENT OF THE UNIVERSE, YET WE CAN T 
SEE THEM. WHAT IS THIS STRANGE STUFF? 


Words by Andrew May 
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The dark matter in galaxies isn't just a curiosity — it played an essential role in their formation 


s telescopes became increasingly 
powerful during the 2oth century, 
they started to reveal the true scale of 
the cosmos. Astronomers discovered that 
there were billions of other galaxies like our 
own, scattered throughout a vast, 
continuously expanding universe. At the 
same time, advances were made in 
theoretical cosmology, stemming from 
Einstein's theory of general relativity, which 
showed in precise detail how objects move 
under the influence of gravity. When those 
two developments - observational and 
theoretical - were put together, researchers 
came to a startling conclusion. By the end of 
the 2oth century, it was clear that all those 
billions of visible galaxies were just a small 
fraction of everything there is. 

The hidden 95 per cent of the universe goes 
by the names dark matter and dark energy - 
but these are two very different things. The 
word dark is appropriate in the sense that we 
are ‘in the dark’ about them - we can’t 
observe them directly, and we don’t know 
what they are. But it’s misleading to think of 
them as being dark in colour. That’s true of 
something like cosmic dust, which we can see 
quite easily ifit gets between us and a bright 
object that it partially obscures, but dark 
matter and dark energy are completely 
transparent. Light across all wavelengths, 
and all other matter, simply passes through 
them as if they weren’t there. 

Dark matter was discovered first - and the 
underlying theory is easier to understand. 
There’s no need for relativity here, just Isaac 
Newton’s basic theory of gravity. When you 
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a a. ™ al ° 
A dense galaxy cluster interspersed with blue arcs, 
iV al (ol aire |a=w pale)a=Melicin-|alume| eh aie-1ue)ar-linvam(clalsvevemel-] fe. [ass) 


have a large ensemble of stars in a galaxy - or 
galaxies in a galaxy cluster - despite all the 
complex physics that’s going on inside them, 
gravity is the only thing that determines their 
motion. Just as a spacecraft can attain ‘escape 
velocity’ from Earth orbit if it’s moving fast 
enough, there’s a maximum speed that stars 
can travel at - determined by the total 
amount of gravitating matter in the galaxy 
- before they fly off at a tangent. It turns out 
that the stars in the outer parts of most 
galaxies are moving too fast, at least ifthe 
visible matter was the only thing holding 
a oXeyee@ oem Mel-meoyelucjorme) mot-Dec@ertclacsy amnisenlael 
supplies the missing gravity but is 
undetectable by any other means, is the 
simplest way to explain the observations. 
Astronomers see evidence for dark matter 
everywhere they look - here in our own 
galaxy, and in other neighbouring galaxies. 
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Light rays 
Light from the distant 
In contrast, dark energy only becomes galaxy doesn’t travel in 


apparent when we take a wider view of the Straight lines; it's bent by 

: ; ; : the gravity of dark matter. 
universe as a whole. For a century now we've Although it can’t be seen, dark matter can be 
known that the universe has been expanding TaN exsi ule Fel kave MUI alemele-haie-la(e)arlm(slarciiare| 
ever since the Big Bang. It’s common sense to 

hat thi oP duall Rays we see 

assume that this expansion Is gradually Distant galaxy These two light rays, 
getting slower over time, pulled back by the Thisiea brant distant following different 
combined gravity of all the matter in the object that we can see bee ent ieas ine 

: : through a telescope. = CREE weer 
universe. But in the 1990s astronomers rc *% = two images in 
discovered that the exact opposite is true: the = US different directions. 
expansion rate is actually accelerating, not . 
slowing down. Something is counteracting 
the effect of gravity, pushing galaxies apart 
faster and faster. That ‘something’ - and no 
one knows what it is yet - has been dubbed 





























dark energy. intervening 
Op sTemdebber-Molelmemet-Dac@retclaKsar-velemet: bac galaxy cluster 
energy have in common is an absence of This cluster is closer to us 


and is dominated by dark 


direct evidence. They're assumed to exist 
matter, which we can’t see. 


because they’re the simplest way to reconcile 
observations with theory. But it’s possible 
that theory and observations are wrong, and Observer 


, An observer sees the distant 
VemeCoyeMmacrVOKmetcomotcbec@ert-lacs) meme: bac Salacy anid theintereninic 


energy after all. But the indirect evidence for cluster, but not the dark matter. Computer analysis 
them is mounting up all the time, so most By comparing the distorted image of the galaxy 


: ; with computer models, astronomers can map 
astronomers believe they're here to stay. the distribution of intervening dark matter. 


Dark matter 


It was in the 1930s that Fritz Zwicky first 
noticed a discrepancy between the visual 
appearance of galaxies and the speeds Dark energy is speeding up the expansion of the universe Decelerating 
they were travelling at. When studying the expansion 
Coma galaxy cluster, he realised that in As time went on, the 
ro) me (=) am ke) mL am KOM ol= Walz) (eM cole(=l ani) mm o\vmele-\ 1a 2 The Big Bang force of gravity began 
ry am aFele mm nomove)alu-)1 omic) am aale) acm eatelocmauatela mals Occurring about 13.8 billion to slow the expansion. 
could see. He coined the term ‘dark years ago, this was the start 
matter’ for the unseen contribution. of the universe, which has 
By the 1960s, spectroscopy had been expanding ever since. 
progressed to the point where high- 
gexcxo) UL aCe) maner--ielastnntelalecmexelei (em ol=mpat-le(=) 
ro) mod =) |=] m=) (oled i (=S-Mlatcdie(=W- Mere] t-yavarlare! 
re}ol)auz\em-ler-llatime-(ellUcmmOla(-Mejmun(-Mela-y-le 
rol(o) a(2\=1e-Me) map 2s-{-Mae r=] -(erd (om gele-la(elamelllay(=-¥ 
was Vera Rubin. She discovered that the 
rol EL k=) gm oy-] gf hme) mi nalel-1 mel (-fomer-]t-) (-s gel rei K= 
eaLeced aM r-K-1k=) mm MatelaMuolel(emol-M=) ¢olcvorncleMigelan 
the gravitational effect of visible matter. 
The implication was that galaxies were 
Van} eleye(e(=lo Mm (am: Msat-](eMme)met-la @nat-1aK2) em nal 
density of which dropped off more slowly 
with radius than that of the visible disc. 
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, elu aa “Something Is ceunteracting 
Disc galaxies, like the Sculptor Galaxy shown here, aac eile gravity, pushing fala) (ay efet= gpart 
el aom)anl erro (elstemlam-mal-|(eme)met-ld @ant-lancle ssdremielwrapid faster falnlal faster ”" 
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DID YOU KNOW? Einstein thought the cosmological constant was a mistake, referring to it as his biggest blunder 














































— -- An artist’s impression of 
The Euclid . ai ! 4 the Euclid spacecraft in 
mission \ . © a __ its operational 


orolavalenelgcie veya : 
The European Space Agency’s 
(ESA) Euclid space telescope, 
Toa av=velei(=vemce)amr-lelaleis Mm a(=)4mn(-)-] oe 
me (=t-j(elalcvem mom lalct-idler-lK-melelan 
ore @aar-laksler-lalemer-la @-lal-ieehvam is ’ 
will map gravitationally lensed 
galaxies, from which the 
elidgloleim(olameymiaixcla-lalialemet-|) Gi > 
aare|MK=) mor-]amol-Me(=lelecersle Mm Laan! 


Dark energy 


PANS a ol avo) natz) ewe lexed(e(slaim-]|hVmelt-yere)\(c1azle| 
dark energy when they were looking for 
something else. They wanted to calculate 
the total mass of the universe by 
measuring the rate at which its 

elec Wi e= 1a (elar-] Mm elelim-y(e\nicle melo iam nals 
expansion rate. They attempted to do this 
by graphing recession speed versus 
distance for a special class of 

TJ Wo) are) gal (or-] me) 0) (=\ea mere] | (=1e Mm AYd l= fe 
supernovae, but the result wasn’t what 










































also study wa, led nae . a. they expected. The expansion of the 
acousue oS aver » We ® universe isn’t slowing down at all - in 

Fl aved(=nlmey-1Hk=)aatmipnle)alaixtemlamaac=) , fact, it’s speeding up 

maha gee of _- | , \ It’s as though the universe is filled with 
Se Sa tHe, Fae d : a mysterious something - dark energy - 
supemovaas go° Pro . ee date) MmoxolUlaik=1e-(e1 mM aal-Molell Meymele-\ Vi Avmelamanl= 
standard ruler which allows ~»© . ‘ 


largest scales and pushes even harder in 
id (>We) e) eles-Jic=Mel(a=rerd (0) Mam Mal iomel(-Lexe)(2) aN 
ee Kom lame Melidislaclalm(st-leleCsmigelaamel-la ¢ 
matter, which may be a completely 
unknown substance, but at least obeys 
the laws of Newton and Einstein. Dark 
energy, with its strange, antigravity-like 
Lol=\abe\ (ele lemelel=s-Ja la m=\\(21 0 me (om dats) 

Or perhaps it does, if we look at an 
obscure factor in Einstein’s equation 
for=} | (=Ye Mi da t=Meoxes-Jaalo)(ole|(or-] Mexe) as-i me] n) em | mm al- 1 
no counterpart in Newton’s theory, and 
for years was assumed to be zero. But if it 
has a small positive value, it could explain 
dark energy as a fundamental property of 
space itself. 


astronomers to trace the ~~. . 
expansion history of the universe 

mom Laeaecel lave muat=m-(exersi(a1e-1e (ey “4 
for LUI{=1e Mm o\imel-la @-lalslee hvu lair aaa 
mission lasting six years, Euclid ~~. be | 4 
will survey galaxies in visible and ; 
infrared wavebands over an area 
of sky covering more than35per.= + » 
cent of the celestial sphere: 


Dark energy kicks In 


Around 5 billion years ago, dark ae 
Einstein included something 


similar to dark energy - the 
(oroy<} pale) (ele | (or=] exe) aicie-] place a 
his theory of relativity 


energy started to affect 
expansion, which began to speed 
up again. 
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‘ ; —a © ; \ whose supernovae measurements showed that 
e- dark energy exists 
. | 
" . S The present . 2 | 
a * The rate of expansion is still i | ae i. 
. accelerating, so the universe — | . 
* is larger than it would have pig 43 4 
been without dark energy. : i “ i 2 
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Ma SCAN HERE ¢3t: eee ee een 
A dallalereye) Galaxy ‘ : : . facie 2 . } , ‘| | | 


Oe : 


* 
# 


* energy will become igs - 
increasingly dominant, with | : 


galaxies eventually becoming 
extremely far apart. 
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outer limits 


Thanks to recent discoveries, we now have a. clearer picture of what lies beyond.Pluto 


Words’ by Andrew May 


or 60 years after its discovery ih 1930, 
Pluto - together,with its largest moon 
Charon, discovered in 1978 - marked the 


- outermost limit of the Solar System. With an 


average distance from the Sun of 39 
astronomical units (AU) - with one AU the 
distance from Earth to the Sun - that’s pretty 
far out. But the 1990s saw the discovery of 
numerous other ‘trans-Neptunian objects’ 
beyond the orbit of Neptune, the most distant 
of the major planets, 30 AU from the Sun, with 
further discoveries coming in ever since. 
Pluto actually resides in a relatively: 


~~ Solar System — 


“v-°* Trans-Neptunian space is filled with 
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objects, including dwarf planets, . 
WAV a) (o1 nite] aowmiressxer| ate ul ale myvce)alelss 


A close-up of 
Pluto, as seen 

by New 
mle) ay4elars 
x Ta WA} ke) 





Belt - a doughnut-shaped region extending . 
from around 30 to 50 AU which contains 
oLbboebczrel-meyamololtecr-belelmeymeleleb (swt bets) mdets bel 
62 miles in size. 

Pluto is still the largest Kuiper Belt object 
(IKKBO) we know of. With a diameter of 1,473 
miles, it has enough gravity to pull itintoa 
spherical shape, classifying it as a ‘dwarf } 
planet’ - a status it shares with other large 
KBOs such as Makemake and Haumea. 

Smaller KBOs are more irregular-looking, 


‘resembling the asteroids found closer to the 


Sun. Unlike asteroids, however, which tend 


-. populous neighbourhood called the Kuiper’ . to berockyincomposition, KBOsare ~~: - 
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Kuiper Belt 
Stretching from around 30 
to 50 AU, this is home to 
hundreds of thousands of 
small icy bodies. 





predominantly made of water ice and frozen 
methane and ammonia. 

The region beyond the Kuiper Belt, called 
the ‘scattered disc’, contains icy bodies that 


. have been scattered by Neptune’s gravity into 


highly eccentric orbits. These may stray 
hundreds of AU from the Sun, rising far above 
the central plane, before their orbits take 
id oeyreMoyslel@-Peerlelimconael-me)aeyimeym\\(seratnelen 

The largest scattered-disc object discovered 
so far, Eris, is similar in size to Pluto. In the 
course of its 557-year orbit, it roams all the 
way from inside Pluto’s orbit to almost 100 AU 


‘ from the Sun. 





Eris 

Another dwarf planet and 
similar in size to Pluto, Eris 
is the largest known object 
in the scattered disc. 




















DID YOU KNOW? Trans-Neptuniagn objects now have to be named after mythological figures associated with creation 
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DISTANT 
OBJECTS 


A brief history of 
distant worlds 


In a sense KBOs have been known since 
FTaldrelUliavmeemele-\ie-|a(olar-] Mi nin=1e-lead (eo) al-Mer-]p 
T-ValeMaarcleamalelaaiialeMialmomaat-mlalal-1mcce)(-] 6 
System, where we see them as comets. 
Astronomer Gerald Kuiper - after 
whom the belt is named - proposed such 
a scenario in the 1950s, but it wasn’t until 
the 1990s that powerful telescopes 
began discovering KBOs in-situ in the 









Total mass 

Although there are hundreds of 
thousands of Kuiper Belt objects, 
NASA estimates their total mass 
to be no more than a tenth that 





outer Solar System. Astronomers were The first‘and so far only spacecraft to explore the Kuiper GF Earth's 
* surprised to find that several of these Belt, NASA’s New Horizons was launched in January 2006’ 
were comparable in size to Pluto, which and reached its first destination, the Pluto system, in July Planet 9? 
had hitherto been classified as a planet, 2015. Passing within 7,767 miles of Pluto and 17,895 miles Sac pactas ieihe ote on 
playing a part in its demotion. of Charon, the probe succeeded in capturing breathtaking some KBOs have led to speculation 
: ; | images of both worlds. It also sent back masses of that there is another large planet 
di Yor(=Vaidi i (omer-|e- Mm lave (Ulellaveme(=im-li (stem nar-] os-meymernl=lanl (ere) Sway out beyond Neptune - but it 
f ; a foxe)any oles-iidColam-lalemoielar-(excMnclanlel-le- [All aoe isn’t likely, and there are other 
" Although Pluto was its main goal, New Horizons was explanations for this. 
mee re(=t-dfelat=\emnoma=)aat-liame) o\:)e-14(e)ar-]@-]ak=) a \f-]eelemUyiarem (olale te 
i Bas ee range sensors to investigate other KBOs. It had its second Seven light hours 
Pee, ~ close encounter on 1 January 2019, this time with a At its current distance of 50 
< recently discovered KBO just 21 miles across, which has AU, it takes radio signals seven 
: © since been named Arrokoth. Even that wasn’t the end of hours to reach New Horizons - and 
Many comets, including Halley’s Comet seen the mission, and New Horizons is still going strong, passing another seven for the answer to 
here, originate in the Kuiper Belt the 50 AU milestone - 50 times farther from the Sun than eae back 
Earth is - in April 2021. 
Farfarout 
The most distant object 
° ; “* discovered in the Solar System is a 


dwarf planet 132 AU from the Sun. 
First observed in 2018, it’s been 
given the nickname Farfarout. 


Oort Cloud 

Hypothesised to exist far 
beyond the Kuiper Belt, the Oort 
Cloud is a roughly spherical shell of 
comet-like objects extending from 
around 2,000 to 100,000 AU from 
the Sun. 


joes Haumea 
Meramemes Part of the Kuiper Belt, 

st See, dwarf planet Haumea has a 
See! distinctive oval shape, 
n" sattoen caused by its rapid rotation. 


Pluto and Charon Sedna 

The best-known dwarf planet in Also in the scattered disc, 
the Kuiper Belt, Pluto actually Sedna is currently 85 AU 
forms a binary system with its away, but its orbit extends 
largest moon Charon. to almost 1,000 AU. 


oe “pluto resides i in a” Ris Oe ie E Dube go! seem] Scattered disc 
Res ott tee ee ere Se meme © <tending hundreds of AU beyond 
- teiotively populous rae Pee eR te Koipor Bet, objects inthis 
SORE Tonks ES om a as ey omen as mM region generally move on more 
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| ] Icanes per year 
there has been an average of six Atlantic hurr 
Since 1970, 














' TO FLY RIGHT INTO THEM 


Words by Ailsa Harvey 
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fthe weather symbolised its emotions, Earth 
i = would have some dramatic Mood swings, 
| | Over the Course of a Spring day in temperate 











spinning air. These massive storms have been 


2,000 kilometres in diameter as they 


sur8e across water and land, 













displacing anything and You) INN TOM VE 

everything in their Path. = 
Hurricanes are an a 

undeniable threat to humans 19 million 

because they are one of the 

fare products of Earth we have trees were nee - "a 

No control over, For those who am 
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destruction firsthand, it 


iy 
have witnessed thel ; 
can’t be denied that they have the power t 


in lives. | 
soa still look at this power In en ns - 
enormous, whirling systems are oe ey 
natural forces alone. They occur aa inne 
d maintain their astonishing peak - 
a davs ata time. As ifarmed for an attac 
Aad we move with the wind while oe 
their weapons: wipeout waves, see ; . 
and gusts of wind that put human- 
neth to shame. 
" ie holds the ultimate Seana vst 
thatis used to destroy or to create. ee 
the ruinous per ae nae aaa 
their path can also isp 7 ween 
j ving ina rotating pa 
oad sat anne these storms help to 
Saal | heat balance across the 


intaina globa 7 
anae without which the poles and tropics 


ch more extreme temperatures. 


in increased knowledge, but in warning 
communities and saving lives. So how cana 
hurricane be spotted in advance? 

The National Hurricane Center (NHC) is 
responsible for overseeing tropical storm 
escalation, aiming to spot hurricanes 48 hours 
before they reach land. This might sound like 

something ofa guessing game, but with the 
evolution of more advanced technology this 
process is made easier. 

Satellites have become a main source for 
obtaining this information. Being further 
away from the storm allows the technology to 
analyse the activity more closely witha 
variety of sensors. Radars are used to track 

rain and wind speeds, while infrared 

sensors can monitor temperature differences 
within growing storms and help to locate 








emu , 
would ney already a stark difference between their centres. 
esau nd with almost all hurricanes Once the whereabouts of volatile 
ane ances from the equator, tropical atmospheres are determined, aircraft can 
athe caerél heat energy effectively to take a closer look, equipped with the tools 
: to measure the intensity and direction of 
colder waters. dispersal 
A hurricane’s job asan agent 0 p ke increasing winds. Down on Earth, ground 
doesn’t end at sea. Iftheir winds ns oa BE stations, sea buoys and ships analyse areas 
' O ’ : 
uprooting the thickest cae lo ee ae eines hiunieanesnre born. 
iti em 4 
imagine how easy ea ae evolved to harness Ocean buoys float at the surface of the 
lightweight seeds t nd power unlike the water at common hurricane-forming sites. 
the wind. With a . s any plants use to Moving with the waves and currents, they 
breezes 
gusts and read plant 
anes can Sp 
isperse seeds, hurric 1 | 
oe much further than me pire areas A hurricane is more than’capable of 
hey have even bro tearing a house to pieces 
a ences ae and other environmental sage a. 
es ro : Sa t. ; = ? : _— = 
disasters back to life. t hurricanes than ode Ge 
Today we know more au notion of theif YoU) MNTOW Ve e Sig 
ing the pre fees 
we ever have, making a 
+, potential paths m Pe 
ergence and their po ca 4 : 
it The importance of this lies not only lea ths Soe 
a ll isi ta The deadliest hurricane Ay title ikies —— 
: 4-4 ‘. tookplacein1900 4° . gies 
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— What’s inaname? & 


Each hurricane has unique qualities, 
a forges its own path and carries a 
varying levels of destruction, soa 
method to differentiate between them 
is needed. The US began using short, 
memorable names in 1953 to avoid 


confusion between storms and to a 
communicate their danger quickly. 
The World Meteorological a 
Organization controls the naming 
using the following procedure. 

There are six lists of names. They a 
alternate between male and female 
and contain all the letters of the BE 


English alphabet minus Q, U, X, Y and 
Z. This removes any difficulty in name 
pronunciation. Each list from A to W is z 
followed each year, and if there 
happen to be more hurricanes than 
letters in a season, the names move 
on to the Greek alphabet. 
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Before the World Meteorological Organization 
was founded, hurricanes were given numbers 





can measure wave height, swell direction and 
the surrounding wind, air and water 
temperatures and pressures. When changes in 
these conditions begin to turn towards those 
ideal fora hurricane birth, meteorological 
centres can be alerted. 

Being given this wide array of information, 
forecasters need to put together a likely picture 
by feeding all this data into a superfast 
computer. But although scientists know what 
conditions are needed to form a hurricane, they 
don’t know why one doesn’t occur every time the 
conditions are right. For this reason the activity 
within the ocean and atmosphere has to be 
closely monitored. As soon as tropical storms 
begin to accelerate towards Category1 speeds, 
they use global wind patterns to plot the 
potentially impacted land mass. Drawing out 
multiple path possibilities, populations which 
could be affected can be warned in advance. 

These awesome forces of nature can usually 
be observed between June and November, with 
hurricane season peaking between August and 
October. It is impossible to put up a fight against 
these power-accumulating wind towers, so the 
best thing to do is give them right of way and stay 
clear of their predicted paths. Evidence shows 
that recent hurricanes are intensifying more 
quickly in the last few years, so watch out the 
next time nature kicks up a storm. 


DID YOU KNOW? Hurricanes release heat equivalent to g ten-megatonne nuclear bomb exploding every 20 minutes 








ee These components 


= are vital for the 
———- formation of these 


—_s Intense storms 


Weather 
disturbance 
Hurricanes develop from 





yANs dge)e)(er-] Bike) a pam eycte]ials 
as an area of low 
atmospheric pressure. 





— sue Elune 
~The ocean needs to be at least 
26.5 degrees Celsius, covering 


depths of 50 metres. 
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= Thunderstorm 
a, Thunderstorms are built into 
—something larger, stronger and 
“more explosive. 


——— Wind 


—— Air needs to travel vertically 


from the ocean, creating a 
Mindiavemantcrorarclalsiaae 


"en 


ij a 





previous weather disturbances. 





119 to 153kph 


Although it’s the lowest category, danger can be displayed in falling 
debris and the destruction of older mobile homes. Protected glass 
windows are likely to survive intact, but snapped power lines can 


leave impacted areas in darkness. 


252kph+ 
These are the 
deadliest of 
ale] galore] a\cxsemerieliaaliale| 
the most lives and 
eve Wile lee] Rexels 
completely 
demolished. Metal 
o}UllKel[ate swe lam e)gelelel aye 
to the floor, the sky is 
7 © A filled with flying debris 
7 and long-term water 
’ shortages are caused. 





209 to 251kph 


The risk to life is now very high. Hurricanes in this category will 
break most windows in high-rise buildings and blow the roofs off 
houses. Power damage and water shortages mean areas can 
become impossible to live in, sometimes for months. 














154 to 177kph 


ai alismerciec\ele)avaelelasie|| 
iaare)e)i(-mare)aat=smelarel=la 
threat and the 
increased strength 
lodaiavessm alle] aterm il <eiiiarerere! 
(oy mal lelavarclalemeley-100F 
Power losses should 
be expected. 








178 to 208kph 


Risk of injury and death becomes high. Many 
houses and flats are subjected to significant 
damage and the storm tears trees from the 
ground. Affected areas can have to live without 
water and electricity for weeks. 
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This is an aerial shot of Hurricane 
John taken,during peak intensity 
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Follow the routes taken 
by some of the world's 
deadliest hurricanes 


-> aa 


HURRICANES 


: Haiyan 
_ This is what the 
houses in the city of 


Dorian 


shown here after its route 


a The aftermath of Dorian is 


CANADA 


Harvey 
_ Hurricane Harvey 
_ had amassive 
impact on the roads 
in Texas. 


through Marsh Harbour in the 
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A pile of debris shows 
the strength of Hurricane 
Katrina in Mississippi. 


lloilo looked like after 
Typhoon Haiyan. 












_ Okeechobee 

Date: 6-21 September 1928 

@ricselame 1 Yt I | 

Deaths: 4,000+ 

Sq = = | | =) 
Okeechobee made landfall near West 
Palm Beach, Florida, late on 16 
September, tearing up the land and 
homes and taking lives. Days before the 
hurricane had already claimed the lives 


faatelialtel Alem celsm ite], <om @).<alarei alo lelq\omaialloln 
gives the hurricane its name. This 
region was used primarily for farming, 


re] aveie]iuavel0(e)aleW<inatc]| Meh" .<omalclemol-\-10 


built to protect the land, it was no 
match for Okeechobee’s 225-kilometre- 


_ per-hour winds. Many workers were 


(o/ge)VVia\=e mama aomnlelele(-emil=)(e\cymere[U[sr=10 
by a storm surge. 
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~ Labor Day Hurricane 

Date: 29 August - 10 September 1935 
Orica 1 yt I | 

Deaths: 485 

=| ass | [era | a 
One reason why this hurricane cost the 
lives of hundreds is due to the 
underestimation of its scale. Hitting 
Florida Keys on 2 September, the 
alUlaa(erslarsme)e)lik=leelksve mual-mereyc Simm NY a(-1 40> 
World War | veterans had been sent to 
build roads and bridges. 250 of them 

(o [[=Xo Ke fe) ale mu alismve)a,@ els\erelUisi-mual= 
organisers were unaware of the 
altclalsiiaVae)mmaalomiarere)palialemsine) ana 
Slamming into a 64-kilometre section of 
1 asm exe yol<} Ware] aa (essire]| male lant] anaatele(= 
structures were ripped apart and the 
workers stood no chance in the fight for 
their lives. At the time it was the most 
intense hurricane to hit the US. 





URRIGANES THROUGH HISTORY 


_ Bhola cyclone 

Date: 3-13 November 1970 
Category: Cyclone 

Deaths: 500,000+ 

xi sae =a | =) 
ii alismugeye)(er-] esike) dan ise men'.e1(e)a(=F 
which forms over the South 
Pacific and Indian Oceans. Bhola 
was one which caused severe 

aye) Velen lam eceluaulalelt<m-lale 
Bangladesh, then named East 
Pakistan. Those living on the coast 
had no idea of what was to come 
as meteorologists had no way of 
oroyanlanlelalcerclaiare mi ziaamanrosialialace mia 
the area. As they slept the cyclone 
crossed the land, carrying a wave 
of water six metres high and 
winds of over 225 kilometres per 
hour. Bhola is one of the deadliest 
natural disasters in recent history. 
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Date: 23-31 August 2005 
Orica 1 yt I | 

Deaths: 1,800+ 

=) a =| =| =| 
NAVA alolam clu dlatcmasrcleialcren(-larenia 
Louisiana, it was at Category 3, 
but it grew to a width which 
could reach across the entire 
(CiUlhime)im\V/(-).<(exomm lanley-leadl ale mel carole 
stretches of land, signs of 
Katrina’s presence remained for 
(o)V{=) are Me (=\er-[e(-em @iaiu(els)ialemual= 
preparation in place for such a 
storm, the search and rescue 
response and following action, 
Barack Obama said: “What 
started out as a natural disaster 
became a man-made disaster... 
a failure of government to look 
out for its own citizens.” 
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~ Wilma 
Date: 15-27 October 2005 
C-ilellava YY YY 


Deaths: 87 
aay aay Geesy a 
Within 24 hours of 


becoming a hurricane near 
Jamaica, Wilma developed 
Into a rapid Category 5, 
crossing two peninsulas. 
These were We dTereks 
Yucatan Peninsula, where 
some towns were flooded 
by rainfall of over one-and-a- 
half metres, and Florida, 
Which it crossed in esi 
four-and-a-half hours. In this 
limited time 6 laa}iiireya 
Kile (Talacmial 4 lelatee lost 
electricity for two weeks, 
Wali olTaalel-tre 1U[el=] mers] at= 
and other (ole) e\smelUl-Bne) 
lileferel[nvempatevel-Riat= alUlaaterclay= 
one of the most expensive, 








DID YOU KNOW? Hurricanes that form north of the equator spin anti-clockwis 
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Sandy 
Hurricane Sandy 
put this restaurant 
underwater on 30 
October 2012. 
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CYCLONES 


Harvey 
Flooding in Texas can be 
seen in this aerial shot. 


~ Harvey 
~ Sandy 


Date: 22 October - 2 November 2012 
Oeinctelava 1 I ) 
Deaths: 285 


~ Typhoon Haiyan 

Dye} owe Mom Wy (0)'(=1 00] 0\=) a4 0) Bc 

Category: Super typhoon 

Deaths: 7,000+ 

=a — er ag aa | 2 

aFleelcidlaremaaromisit-laresme)muarcmealliie)e)|alossem mtclNVZclO mS) 

one of the strongest typhoons ever recorded. 

Subjecting the islands to seven-metre-high 

waves and relentless rainfall, the storm had a 

severe impact on the country’s economy and 

killed people in devastating numbers. Of those 

who were lucky enough to walk away from 

the event, 1.9 million were left 

homeless. Not only does this storm 

falfe}a)ite]alandatsuiaaler-le1me)amel=\e)0)(-45) 
lives, it also shows how they can 
tear apart the environment. The 
Wye) cele)t] are me)muatelelst-]ale lowe) ma ge\ors 
meant there was a significant loss 
in habitat for wildlife, creating a 

decline in biodiversity. 


Category: @@@®@ 
Deaths: 68 

a 
Having made a pit stop in 
Hurricane Harvey was rea 
with its power. It had just 


Xsan ee le[=\em [aiken nat-lialtclalema\anl=la(erommaal> 
IalU]aa(erclalomelsierelanlomuge]e)el-lem eae) alelual-\a 
storm. Having another nearby 
high-pressure storm meant that Sandy 
was unable to leave New Jersey and 
Delaware. As the two storms merged 


and became trapped along 
the coast, the 
[ofi{o) 
YoU KNOW 


Nalelgatelsi=\e Bs\ers] (0) 


the affected area 
and persistence of 
the brutal winds 

Hurricane John travelled a 
distance greater than the 
diameter of Earth 


newfound strengt 
second-strongest (ere 1K=1e|@) 
suarcmalelaaierclalou= 
place for 
total deat 








igelalelinclemanrclans 

fet=to)e) (om ale)aalai(etsis) 
- if they managed 
to survive. 


which came with the ae) 
alUlaaierclal= destroyed the 





Date: 17 August - 2 Septem 


rm water and Vivelel(emsierelan | 
bes h. While it was In dare 


oon weakened, staying in one 
a prolonged period. As 
exe) lismanleieameniuce iuarclamsielaal= 
of the other Category A hurricanes 
that came before it. NViateleniere elas 
take in lives, however, hemaatelelonele 
for in land. The mass iitexerel late} 


of 135,000 people in the area. 





e, While southern ones spin clockwise 
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Sandy 
This house in New 
Jersey was almost 
split in half by Sandy. 
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Bhola cyclone 
Villagers search for salvageable 
rice and grains following the 
cyclone in East Pakistan. 
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~ Dorian 

Date: 24 August - 10 September 2019 
Oriccclam FT I] | 

Deaths: 84 

=| xy | || es | 
Although classed as the slowest moving 

inate) (e)@u ale laa (er-]al-melanc-\ere) comm Dle)ai-lami-lsme)alone)i 
1d a\oWaale)s}mmer~]W-1s]u ce) 0)a](omms)e\~)a\el [ale manle(eame)mmiss) 
progression above water, it was able to 
sustain a relatively long life span. 
Unfortunately for those in the Bahamas at the 


time, the route it took a 
happened to trace the — 
[offo) 
YOU KNOW 


islands. Not only was 


ldaliswemlale(=lalalemsice)aaan 
but it is the strongest 
of hurricane deaths are 
due to flooding 


the Gulf of Mexico, 
dy to attack Texas 
refuelled in the deep, 
how off its 


ry as it made laleltclle 


a result the 














ale) aa (erclasmuonate\Vcemalie 
idat=Wetelalclaatciswel ale! 
one of the strongest 
across the 
entire Atlantic. 
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Pilot 

Hurricane hunter pilots are in control. 
They undergo extensive training 

Co-pilot beforehand to enter the world’s 

The co-pilot is in continuous worst storms over and over again. 
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communication with the 

. pilot throughout the flight. = | 
Flight director These details are also ? 
At one of the closest relayed to a flight engineer. 
stations to the cockpit, 
the chief meteorologist 
directs the flight path 
using incoming radar 
information. Their role is 
to ensure the mission 
objectives are met while 
the crew remains safe. 








= Discover the planes 
aa collecting storm statistics 
and the people who risk 

their lives to get them 








Navigator 

The navigator tracks the 
storm’s movements and 
determines the best 
route and approach. 


Radars on the tail and belly of 
the plane provide information 
about rainfall density and 
turbulence. Multiple radars 
around the plane give a 3D 
perspective of conditions. 


Engine power 

Four powerful turbine engines 
ensure Safe flying into extreme 
wind. There are two on each 
wing, but only two need to be 
running for safe flying. When 
needed, the extras can be used 


to keep the aircraft in control. : a Q Probe dropping 
' These devices are sent outside 
the plane to further explore 
external conditions. Hurricane 
hunters carry two varieties; one 
drops straight to the ocean to 
measure water temperatures, 
ER Z4atel while others provide data about 
a 


air pressure, humidity, wind 


SCAN H ERE speed and direction. 
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Probe parachute GPS antenna WV [Cer ge) o) gelerst-s-f0) 9 elel(e) Into the eye First crossing 
Parachutes allow for a Data from GPS aM alismula\ael=\V (rom ke] Cosmal=) transmitter aia\cwe)l-lat-want-lccomiecmilecimilielale After crossing through 
slower fall, giving time for satellites is collected to data from the sensors and Every 0.5 seconds, this ualcelUle|amaatomexcialdg-me)muals iualouslaldic-malelaaler-] aon 
id a(=e)ge)e\-mKemere)| (-\e1mel-]t- Pale calculate wind speed digitises them. sends temperature, 1al0] aa (er-|aloem aveisisi| ale mu alcelelelamaar= researchers on board 
takes seven minutes for the ale mel |qcvoiu(o)ap humidity, pressure and walls of the eye is the windiest iate\Wiewre eevee 
fe)xe)e\-mcon ie] Micelaanci).4 wind data back to the and bumpiest section. It is here Wiare(=\esie-]ale|[aveme)maar= 
kilometres. plane’s computers. that the probes are dropped. (oro)arelia(e)arsmualcelele)are)ele 
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DID YOU KNOW? The fastest wind ever measured on Earth's surface came from Cyclone Olivia, at 407kKph 
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forces create these 
mighty spectacles 
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Moist air 
Hurricanes only form over — 
warm waters. As the moist air (oe 
is heated by the ocean it rises 


“3? 
= Radar syeteii 
* Doppler radars bounce 
¢ ; f microwaves off the inside of the 


; 


4 hurricane. The data returned As | =. ae away from the water and pass 
can show the speed of the wind | j oun -s— Pressure builds just above the -— 
: > : surface. This warm air is the 


eet © Sikelaaakowill-\h 
Begin to spin 
To replace the rising air, = 
sie] acelelare||arep ey-/aulel(osmanle) emi nice) 
the gap left behind. These then 
warm and rise, creating a cycle 
fo) ey=] a u(el(oMane)-laniclal em nalis 
fe)aleto)iaremelisie)(-lexsianl-almeymrel ia 
moves in a spinning motion. 





Whirling winds 
As wind increases, moving air 
particles in the centre push into 
the spiralling wind. With 
nowhere else to travel, this 
forces the air to move upwards 
at the centre. 

















Creating clouds 
Having risen, the air is cooled 
Jalen ol=\e]|alsmuomre)daakel(elelels 
iValolacmaalelale(cleine)aaalsmer-|a 
take place. 


4 


Growing system 
As air continues to rise and 
cool, the cloud and wind 
system continues to expand 
and spin. 


Descending air 
The storm gains speed and an 
eye forms at its centre. This 
clear section has a low pressure 
and forces high-pressure air 
from above it down into the 
massive central space. 


Classification 
Speeds progressively increase. 
When they reach 119 kilometres 
fol=an alee | eure male laa lerela\-mismeve)aar 


Land limit 
When travelling across land, 
the moisture and heat fuelling 
the hurricane stop the upward 
1u(@) VAN Malem ale] aaterclaromyyll 
(oxo) nl a[alUL-mneomaale\i-me)Vi-1m -lalemel aval 
it loses energy. 
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Crisscross End of route = 
The plane takes its position to ai at-manle)c-mualcwe)i-latq iC 
cross through the storm for a journeys into the storm, o 
second time. Hurricanes can the more data will be Zs 
evolve so quickly that it may collected. This route can 2 
seem like an entirely different sometimes be endured ie 
storm upon second entry. several times. 2 

) 
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eneath the waves, millions of battles 
are taking place. Each sea-dwelling 
soldier uses their unique features to 
their advantage, with no two playing an 
identical game. In the diverse underwater 
world, an easy meal for one species could be 
another’s biggest threat. 

From the ocean’s shallow shores to its 
dusky depths, over 200,000 different species 
dwell. For the majority of these animals, each 
day holds the possibility of being their last. 
They could be eaten at any moment, even 
while searching for their own food. Whether 
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Words by Ailsa Harvey 


it’s a whale using its sheer size as its weapon, 
or the refined tactics that help smaller species 
conquer, the sea is full of expert hunters. 
How can an animal avoid doom when its 
enemies emerge from the murk? Though 
some predators attack unexpectedly, preying 
on a single oblivious target, other times sea 
creatures are aware of imminent danger and 
perform sneaky survival strategies. 
Swarming in massive schools, some fish are 
able to swerve chaotically together in the 
water, distracting a hunter’s gaze froma 
single target. The predator will almost always 





leave with a meal, but each individual fish 
has a higher chance of swimming free. Others 
hide and disguise themselves to throw the 
threat off their tail, but one step out of line 
and the predator has won. 

Most marine life lives in the upper half of 
the sea, with hunting options becoming 
sparse in the deepest zones. Where food is 
more challenging to find, hunters have 
evolved to execute hunts more masterfully, 
with songs and light displays. The ocean is 
proof that even the most beautiful creatures 
can be the deadliest monsters. 














TOP AF THE FADD CHAIN 


Killer whales vs great whites 


How do two of the largest ocean predators compare? 















Orcas and great white sharks sit at the top of would the two fare against each other? These __ past, examination of great white carcasses 
the food chain. These rulers of the sea eat apex predators have enough onthe menu, but found inthe water or washed ashore have 
with ease, but with contrasting hunting if it came to a battle to the death, evidence shown some to have a missing liver, with 
techniques and individual strengths, how shows an orca might justtakethewin.Inthe | wounds thatcorrelated to an orca’s bite. 
a6 HS They have about 20 6.4 US 
Killer whales can teeth on each jaw. The sharks can grow 








three-quarters the 
(0) length of a London Bus. 


| PT EP 
2,268 
kilograms 


Great whites can be 
as heavy as 
three-and-a-half cows. 


grow longer than a 
e)a\elolansleisy 
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Three 
miles 


Great whites can 
detect tiny volumes of 
blood in the water 
ice)aalclicl @ 










227 
kilograms 


Orcas eat the equivalent 
ViVe1(@]alme)mxelel am ar-laelelela 
Seals a day. 















ai at-\vaare Newel 
impressive top speed 
when chasing prey. 











ai atomalate\dlessim aavere)ae (ve! 






mlUlarelgcteisae)s 
sharp, triangular 
teeth are arrange 
in several rows. 






adult orca weighed 
the same as 14 cows. 


Orcas use 

‘ato are) (eler-1ue)a mice alel aim 

hearing frequencies 

ihelllaniocmallelarciamuarcla 
IaVole]alemalelant-lan 


Successful sharks 








Killer whales can 7 
swim faster than Three meires 9.500 kilograms 


Usain Bolt’s record ' a = : 
LOWERS Cae (Cic-t-) ma alinessuer-lamelealemal(elanelelmeymuat= Each year these sharks eat over four 
water when chasing seals. times their own body weight in food. 
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Bull shark Oceanic whitetip Shortfin mako Tiger shark 
Max size: 3.5 metres Max size: Four metres Max size: 3.8 metres Max size: 7.6 metres 
Speed: 11 miles per hour Speed: Six miles per hour Speed: 35 miles per hour Speed: 20 miles per hour 
Main prey: Bony fish and small sharks Main prey: Bony fish and squids Main prey: Squid and bony fish Main prey: Fish, stingrays, seals and squid 
me Ussifate ma atom ell lan) on-]alers o)in-mucveialalie|6[-wr-m ele] Being relatively slow sharks, oceanic The fastest shark will usually swim at high lato] Wale We] [aa\essier-]a\vaualialemuat-\Vaer-]amalelaiemualcy] 
% shark will headbutt and snap at its victim whitetips will swim near the top of the speeds in a figure of eight before it hurtles repeatedly climb and dive as they swim, 
© until it is unable to move. water, spying on potential prey below. towards its prey with its mouth open. searching a wider area. 
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Detachment 
When fully inserted, the 


contents separate. Having 
completed its stinging duty, 
the tentacle can be used to 
grab the now-lifeless food 
and direct it into the 
jellyfish’s mouth. 





Skin 
These jellyfish aim to 
sting fish and shrimp, 
but a mammal could 
be subjected to a 
deadly sting if it came 
into contact with it. 





Attachment 
The dart digs into the flesh of 
the prey, and venom-filled 
barbs keep the cell’s contents 
in place. Toxins flood out the 
end and from each barb. 





Tentacle 
Each of these extensions 
holds around 5,000 stinging 
cells. When these come into 
contact with the skin of their 
prey, there is an instant attack. 









| 
The sea Ss Quick release 
Tri d either by chemical 
most eo eel ere 
venomous 


| cues such as contact with another 
animal, the cell shoots the thread 

How the Australian 

box jellyfish stings 








outwards, opening up into a dart. 
This twists as it is fired. 











Nematocyst 
This is a stinging cell, 
designed to paralyse prey. 
Coiled inside this spherical 
capsule is a barbed thread 
which injects venom. 


L 





Source: Wiki/ BIO267 F13 03 


Saltwater crocodiles can stay underwater for over an hour 








‘Drivers’ will carry out this 
role during most hunts 
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Driver (D) herds 
fish towards 
barrier and may 


SE wt 








After fish leap into the air, the driver (D) and the barrier dolphins catch 
the fish in their mouths. The dolphins lunge at the fish and seize the 
bounty in the air, 


Barracuda trap smaller 
110m ©hVacod ced late pr-/qelelalemuat-lanm lame) gele) oss 





Electric ray 
With tactics to 
defend themselves 
and to catch their 
prey, these rays 
have electric muscle 
cells that can deliver 
400 rapid electric shocks in 
a row, each containing 45 volts. 





Octopus 

Blending into the 
background, prey 
swim right up to 
them. They have 
even been known to 
tap prey on the 
back with a tentacle, 
sending them darting 
straight into their 
open mouths. 





Archer fish 

Residing in estuaries, 
these small fish don’t 
appear too 
threatening, but 
they target 
unsuspecting prey 
outside the water. 
Making a barrel with 
the tongue, they close 
their gills and shoot water at 
branches above the surface, 
aiming for beetles and other 
insects to knock down and eat. 






Mantis shrimp 
Using their advanced 

eyesight, seeing more 
colours than any 
other species, they 
pinpoint a target. 
Then they punch 
with hammer claws, 
50-times faster than 
humans can blink. This 
heats the surrounding 
water to the temperature of the 
Sun’s surface for a moment. 


Scaleless dragonfish 
This fanged fish lurks in 
the depths of the 
ocean, occasionally 
lighting up with 
bioluminescent 
cells that span the 
length of its body. 
Attracting other fish 
with its display, once a 
meal gets a bit too close, its 
long teeth bite down. 
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ENVIRONMENT 








see in the 


1 Words by Ailsa Harvey 


Under the limited light of the Moon, discover 
the creatures that thrive in the night 
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Owls’ eyes account for ground three per cent of their body weight 


human’s conscious life is largely 

dictated by the position of the Sun. 

We have learned to rise with it and 
sleep shortly after it dips below the 
horizon..Why do we do this? It’s because 
our species depends on visible light to 
navigate through each day. 

While we are walking to work in the 
morning sunshine or relaxing in the 
evening as the light begins to fade, other 
animals are hidden away in their dens 
and burrows. They are waiting for 
darkness to fall. When it does, anew 
community of creatures comes out to play. 

These masters of the night carry 
adaptations that give them an advantage 
during the colder and darker hours. If you 
were to intrude on nocturnal life with the 
light of a torch, you'd likely see a variety of 
wide, glossy eyes staring back at you. 
These big eyes give an advantage to 
animals by allowing them to utilise every 
glimmer of light available, to observe the 
activity of the night. 

Some other animals avoid the daytime 
as the lack of illumination gives them no 
disadvantage at all. They are blind to light 
EVIMANcMM@euimasdiimeyemeldelsyamalcyeedalcsvelcel 
senses. With ways of feeling, smelling and 
hearing nocturnal homes and 
neighbours, read on to discover some of 
these night-navigating superpowers. 








Human eyes are built for operation in bright daylight and will struggle to see 
anything ona night lit solely by moonlight. Some of the animals that are active at 
night require better sight to stay alive, and their eyes have evolved accordingly. In 
general, the eyes of a nocturnal animal will be proportionally larger than a human’s. 
They work to let more of the limited light in, with widely dilating pupils. 


What makes nocturnal 
mammals’ eyes better 
equipped for the night? 


: 
Wide-eyed ye 
The eye is } 
usually large to 

provide more 

room for the 

pupil to expand. 

This wideness 

increases the 


brightness of 
the image on 
the retina. Vy F 
“i 
My 


Tubular-shaped eyes provide 
owls with night vision 


Tubular focus 
While the outer surface of the 
eye covers a larger area, the lens 
sits inside this elongated eye. 
This enables it to focus light 
onto a concentrated area at the 
back of the eye as it passes 
through the thinned shape. 


Sclerotic ring 
These rings of bone 
help to support the 
eyes’ shape. Holding 
them firmly in place, 
the eyes don’t move in 
the socket. Instead the 
owl rotates its whole 
head 270 degrees. 


Refined retina 

The retina at the back of the eye 
contains cones and rods, different 
types of light receptor cells. Cones 
are useful when light is bright and 
help to make out details, while rods 
process motion and other visual 
information in low light. Nocturnal 
mammals often have proportionally 
more rods, and some nocturnal 
animals have no cones at all. 


Tapetum lucidum 
This additional layer of cells 
has a shiny surface and can 
reflect light back through 
the detector cells. This 
increases the chance of an 
image being detected, 
providing more than one 
exposure to the light. 










Pecten oculli 

An eye designed to draw in light can 
be vulnerable when exposed to lighter 
conditions. This structure of blood 
vessels protects the eye from 
brightness while nourishing the retina. 
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Ul iTale Mi aig] acvem-|le)arsy 
snakes have been able 
to successfully pounce 

on prey while their 
eyes are covered 
i 
‘, ™ = Mm 
For snakes that hunt during the darkest hours of the . . i. sete Bl 
° C ‘ ' 3 3 ! mM, — 
night, spotting a tiny, scurrying mouse in the pitch black 2 AS & \ <a C =< 
might sound like an impossible task. In reality, some ee ~ . 
‘ “ae? 
snakes have an incredibly advantageous signalling —* 
system in their heads: they are able to see heat. ri 
Warm-blooded rodents are a large portion of a snake’s => i 
diet, and with mice only giving off a small amount of body i — « .. ~e 
heat, this navigational skill is efficient and quick enough ~ ~~ ‘S22 T 
to allow precise and successful hunting at night. By the Messengers _ — 
time the snake pounces, the mouse has minimal chance pede Cerecrlon, 7 a 
2 ar. F 4 i Lh information is fired to “ie 
of spotting their impending death in the dim conditions. the brain through the ‘ 1) Ww Nees 
nervous system. The a * ~ 

Sensory specific part of the brain ‘ CNS ~~ - 

membrane is the optic tectum. ™ ~~ . = . 

This membrane is packed ~~ > —— ‘ 

with thousands of sensory ‘ a SS : 4 

cells, which are stimulated 2 ere > ‘, SS _ . y 
These holes between the by the infrared radiation. [eee aa P -s ) a ‘4 5 ten 
eye and the nostril provide | ™ ‘ < 


the brain with extra 
sensory information 


Response A 
The brain combines NIGHT-VISION 


messages from the ANIMALS 
pit organ and eyes to 

incorporate heat into 

the snake’s view of Owl 


its surroundings. At the back of their eyes, these \ 
birds have almost a million rods per 
square millimetre. In comparison, 
humans have just 200,000 of 
these photoreceptors in total. ———_ 
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Fruit bat 

Said to have the best vision of 
all flying mammals, fruit bats 
combine enhanced night vision 
with their keen sense of smell while 
hunting for food. 


Infrared radiation 
The heat detected from the 
prey enters the pit organ 


Inner cavity 

This cavity insulates Outer cavity 

the sensitive Because this area is about as wide 
membrane from the as it is deep, the images from the 
back wall of the pit. membrane can be blurry. 


through holes in the snake’s 
face. It then reaches the 
exposed membrane. 





Elephant hawk-moth 

These moths not only have eyes 
that can see shapes well at night, 
but also colour, being able to 
distinguish between colours in 


Stargazers There are an estimated 100 to low light. 


400 billion stars in the Milky Way, 
The night sky presents patterns and ' each lighting insects’ paths Tarsier 
points of light in the form of stars. In This small primate has adorably 
beautiful contrast to the black backdrop, | large eyes, roughly the same size 
it is no wonder that some species are as its brain. Though they can’t see 
drawn to their glow. Stars can help to colour too well, their massive eyes 
guide animals in different ways: seals can mean they can see in extremely 
recognise the unique patterns, some dim light. 
lo} gefmery=m- Mc) lalel(=me)ale|almcie-|amcomilalemant=ig 
way and dung beetles follow the path of 
the Milky Way’s spiral arm. Unlike seals, 
insects are too small to be able to notice 
each individual star, but the luminous 
oye ]ale mer g=t-1n=le Mm o)Vmelel mer-|t-)\M-e-lett mime (-t-]6 
r=VaColece]ammom el ae) i(e(-Mella-\oad(elam-lalem (212) ®) 
Ldacsvanmancedliremiam-B-ise-llelnimllatee 


Colossal squid 

At 27 centimetres in diameter, 
these beasts’ eyes are the size of LA 
footballs, and are the largest on i! 
Earth. At the dark depths of over 1) | 
2,000 metres underwater, they 
need their expert night vision. 
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DID YOU KNOW? Incomplete darkness, bats can locate objects as thin as g human hair using sound alone 


Soaring through the sky, it’s essential for animals like bats to know 

their position in relation to other objects. With limited vision, it would - 
be easy to hurtle at high speed into a tree or another obstacle. This is | = 
where echolocation comes in. 

The majority of bat species use this strategy when they leave their 
oles] aM [al-duey-(eme)mra(=\lalemaalqtimecielacelelalel(ale Mm ant=t-<-i-lalitire] meine) a mae) 
idal=Me)o)(=\oan-w-|aolelaleMmaat=)oameoy'm-x-lalellale m-xelelale mM -\\(cs-MolllMmicelaamaat=lle 
mouth or nose. The pitch of this sound varies between species, with / 
To) na leM e)melelecod lave mot=\e[(=a(oxcs-m no mere)!(=1ar-]|Migsvele(=)alel(=1-m / 
Generally, a low pitch is used for objects at a distance, = 
while high frequencies present the bat with more detail 
ro) MLR MLU Le mele avellaves-mam Malem lavea(U(e(-\-Magi-m-)p4-W-lalem eles-tid(e)a| 
ro) =} =| dome) 0) (=\oqa-Mur-]alemaal=Mell/asvoad(e)a-]ale ms ol=\-\e Mey manley ulate] 
objects. When these waves hit something, the echo 
that is bounced back is picked up by the bat’s ears 
and analysed by its brain. a 


ed ate)(erersia (ely |< ” 4: 


If you were stuck ina completely dark room, 
how would you walk to the door? Chances are 
you would put your hands out in front of you, 
feeling out your way to safety. Animals use the 
same method, but witha more technical and 
efficient system. 

Sensitive whiskers on the snouts of animals 
such as lemurs, badgers and dormice can aid 
foraging in the most complex habitats. Spending 
most nights in the dangerous heights of the 


— Ee Ah le, Fs The sound 
What do the : ae Pacey: trees, hazel dormice need these feelers so that 


















> out are at a they know where gaps lie between branches. 
waves say 7 seh They move their whiskers in a movement called 
can hear ‘whisking’. Brushing backwards and forwards 


ina cyclic motion, this is one of the fastest 
movements made by mammals. Special facial 
muscles found in whiskered 

animals allow these 

speedy movements 

so that the whiskers 

can constantly 

brush against 

Xero lo)ale Manloldatcm (ele) qe) mi [siel-1ml-lalelaat-la.¢ceere ls surfaces as the 


Ve) | re ksie] are] AVAST [ave Malow ©) f-] alcimscm pat-lelarcid(omil(=l(e 


Still object animals travel. The 


# 





When sound reaches an object, it’s deflected in the =e = uneven surfaces 
opposite direction. The time between sending and a? o* surrounding them 
receiving the sound tells the bat how close something is. > - a 
. . are detected by 
gee SS. hundreds of motion 
=, } 
.f —, a sensors in these 


EA modified hairs. 


The largest 
dormice can jump 
three metres 





Moving away 

When the object detected is moving away from the bat, 
the returning waves will produce a lower pitch than that 
sent out. 
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Magnetic mapping 


TMmYColUMAY(=M=\"(=) aro) ol=val=lemVColUl mm iarere)y asl i Earth’s magnetic field for migration. 
al(e] ai amkom-t=\-ir- ManelaaMonliale|(=t-s- hme) Co\uuiare) PAN Coyavemitiidamaleceamelaat-lihmanliele-leiile me) (gee 
idat=micelatmialxemMolel mi nele)anPm’(ollmnal-\m ele these creatures are able to find specific 
ivore)(=teMiaimomaallal dare maat-| maa (=s-{=m [a loi=\ eR) locations in the country. 
lake Wome (=\VelCe)elsleMe-laalclamlinalincre It is believed that these insects have 
navigational skills. The truth is that small magnetite crystals within their 
moths are extremely well-evolved to nervous system which are extremely 
fly at night, using a sense called sensitive to Earth’s magnetic field. This 
2 magnetoreception. Tfelats]medar-lale (=m Aide Maal anleldne-mel(az\ead (olay 
Moving closer Australia’s bogong moths were the first — of flight, allowing them to check their 
Objects approaching the bat will return each sound wave : : ae: he : : 
digser tedein eevee nicer pic nate insects discovered kom are\2W- Mm eleliinrial position with Earth Ss and keep them 
compass, allowing them to follow the at=y-Lellavemelamant=Malelaimil(elaim@ oy-ldem 


originally produced. 


How It Works 081 





RISE OF THE 
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ustralia is no stranger to the weirder side 
y\ of evolution, with the likes of patchwork 

JE La ygoletsiarsecbelemereseed chyabatcom alcverexcy aleyers 
like echidnas roaming the land. However, it has 
also become the home of one particular group of 
mals: marsupials. 
Jsfe}evatoWantolel-voWol-vel-raidemuateeeacenubeCeemateyeyeynats 
through grasslands or hanging among treetops, 
Australia hosts a majority of Earth's marsupials. 
Around 250 species of these pouch-bearing 
parents live throughout the southern continent 
—that's more than anywhere else in the world. 
There are 120 species in South America and only 
one species, the Virginia opossum, is found in 
NCoy aid oaWen=)a (er. bam Mevtse-Lolepalol-balecuar-Ke(crenseyestenne 
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Why are Australia’s indigenous mammals so different 


Words by Scott Dutfield = 


Vis at” 
‘ 1 BG a 
a, q i i, 
Ha a. tA r 


believe that marsupials first evolved in 
Australia. However, that is not the case. It took 
millions upon millions of years for marsupials to 
make their way over to what would become the 
world’s smallest continent. 


“This created an 
opportunity for early 
marsupials to use land 
bridges between what 
later became separate 
continents © 





O animals ibaNe)dalslaeeyelanelelrct 
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or _* 





ViNgotclmelolercmumantersbemnonol-¥-Batlsbacjvle)tclta ele 
have the different species adapted as parents 
and what was their evolutionary journey across 
half the world to build the current kingdom of 
the marsupials like? Home to the springing 
kangaroo, tree-clinging koala and burrowing 
wombat, Australia is well known for the 
diversity in its species and for being home to 
santsbeebestsbecnaat-im-bacwecbasJbvacolebelon-baclebelomnel-paccie 
of the world. The kangaroo, koala and wombat 
are native Australian species - and are all 
marsupials, of course. This means that the way 
they give birth and support their young is 
different from other placental mammals such as 
Jalobasrcbatspms)(-je)at-Balace-belemelcr-Bace 
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DID YOU KNOW? There are more than 100 species of opossum in South America 


Gestation Birth The climb 

After conception the developing Blind and yet to develop Driven only by a sense of smell, the 
embryo will gestate for 35 days, ears, the joey will emerge joey climbs to its mother's nipple, 
growing into a pink baby, called a from the birth canal and where it attaches. It drinks only 
joey, around two centimetres long. climb into the pouch. milk for six to seven months. 





a 


Motherhood 
Over their 12-year life span, 
female koalas will only 
have five or six offspring. 


Independence 

After a year the fully developed 
juvenile koala will stop drinking 
milk and forage for itself. 


New food 

Before the young koala is ready to 
leave the pouch it leans out to feed 
on a type of faeces produced by the 
mother called pap before delving into 
a diet of eucalyptus leaves. 
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Africa 


Australia 


Placental mammals carry their 
offspring internally, where they are 
nourished by a specialised organ 
called the placenta until the 
developing fetus is fully grown and 
ready to be born. Marsupial babies, 
however, are born ata stage when 
they are still developing. 

Rather than facing the outside 
world immediately as human 
babies do, a marsupial joey will 
climb its way into a protective 
pouch on the mother where it will 
continue to develop until it's fully 
formed. This also means gestation 
time can be surprisingly shorter in 
some species compared to their 
placental cousins. For example, the 
mouse-like stripe-faced dunnart 
has a gestation period of only 11 
days before the fetus is birthed into 
its parent's poach. 

But why is Australia inhabited by 
so many of these marsupial 
mammals compared to the rest of 
the world? It’s easy to assume that 
marsupials must have evolved on 
the Australian continent because 
it’s anisland without a geographical 
bridge over which they could 
venture outside its borders and 
form new populations. But that’s 
not strictly true. The first 
marsupials appeared in what is 
now North America 160 million 
years ago, when Earth's 
supercontinent Pangea connected 
the world’s land masses as one. This 
created an opportunity for early 
marsupials to use land bridges 
between what later became 
separate continents, allowing them 
to move around to form new 
populations. Over millions of years 
the ancestors of modern-day 
marsupials found themselves on 
the Australian continent without 
strong competition from the 
placental mammals evolving 
elsewhere around the world. 


Quokka 


Often seen with what appears to be a smile on their faces, 
Quokkas are one of Australia’s eternally pregnant 
marsupials. With the ability to give birth to a fetus after 
27 days, while the new offspring is suckling in the 
mother’s pouch, another fetus can begin to grow 
internally. This baby conveyor belt is believed to be a 

good defence mechanism for the Quokka. When 
threatened it can evict the suckling young as a 

distraction to escape, reassured that another baby is 


growing inside. 


Allimages © Getty unless otherwise stated 


Modern-day — 
marsupials 


Meet just a handful of the 250 
marsupial species alive in Australia 
today 


Wombat 


Weighing up to 36 kilograms, these robust 
mammals begin life gestating for 21 to 30 
days before they climb into their mother’s 
pouch for another five months. Finally 
they emerge, frequently revisiting the 
pouch for another two months 
whenever they feel threatened. 
Dwelling in forests and 
grasslands, these 
vegetarians dig deep 
burrows, forming complex 
tunnels and chambers. 





































Honey possum 

These marsupials are some of the 

a smallest of the bunch, weighing up to 

oP. © just ten grams and fitting easily in the : 

3 . | palm of your hand. As extremely small [7 = 
“Rs i adults, their young only weigh 0.005 

| grams, the smallest of any mammal aie Mage 
born in the world. Honey Bar 
possums spend their a _ e 
=== lives predominantly a 
» feasting on the 
| nectar of plants, 
consuming 
around 1.5 
teaspoons 

of nectar 

per day. 





DID YOU KNOW? A wombat's poop is cube-shaped 


Greater bilby 

They might look like rabbits, but they 

are far from it. This endangered marsupial 

lives in semi-arid shrubland and has large 

ears to compensate for its poor eyesight. The 

greater bilby is capable of giving birth up to four times a 

year, producing eight offspring at a time. By only five months old, these 
marsupials are fully grown and ready to reproduce. 


Numbat 


Around 50 centimetres in 
length including their bushy 
tails, these small marsupials 
gestate for 14 days then carry their 
pouch-bound fetus for nine months 

= before it is able to forage for insects itself. 
Numbats have a long, slender tongue that 
scoops up termites from leaf litter and 
deadwood - up to 20,000 of them a day! 
There's enough water in these termites 
that numbats don’t have to drink any. 














bs. 


— aaa, Eastern quoll 






“Often seen with 
what appears to be a 
smile on their faces, 
Quokkas are one of 
Australia’s eternally 
pregnant marsupials © 


4 e : a = The size of a small domesticated cat, the eastern quoll can be found 


* 





- 


& in southeastern areas of Australia in dry grassland feasting on 
.™ asa 4 insects and small mammals. These marsupial mothers can grow 30 
* i 4 x fetuses at a time. However, they are only able to feed between six 

, ‘ ; > “. and eight babies in their pouches, leading to many fatalities. After 


= 
Fi 





only ten weeks in the pouch the babies are placed in grass-lined 
dens, allowing the mother to hunt and retrieve food. 


Source: Wiki 7 PD/ CC / Reto Stéckl 7 NASA Goddard Space Flight Center 
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The most fruitful locations for finding dinosaurs are North America, Ching and Argentina 
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=. Discover how a fossil hunter recently discoveredanew 
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ow do you look for something that you 
aren't yet aware existed, from a world 
you can only try to imagine? It might 
seem impossible for us to study a species that we 
have never coexisted with, but this is something 
palaeontologists and fossil hunters do every day. 
When humans first encountered dinosaurs, 
they had been extinct for over 65 million years. 
Everything we have come to know about 
dinosaurs today has been learned through our 
understanding of the planet’s geology and 
analysing the ancient remains of these 
creatures. For this to happen, dinosaurs needed 
to have a lasting impact on the world, enduring 
tens of millions of years held inside solid rock. 
Luckily the remains of many types of dinosaur 
were preserved in the ground until humans 
could uncover them - and their secrets. 

Fossils are impressions of ancient life, 
contained in the Earth’s crust as a memento of 
life before the present. To palaeontologists they 
are hidden treasures, each with valuable 
information to share about a past geological and 
environmental age. The secret to their lasting 
form comes from the way they died. To become a 
fossil a dinosaur needed to take its last breath 
near water, or to have been buried alive. 
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can never be discovered. However, even for 
those that perished in one of these two ways, 
their bodies had to be surrounded by certain 
essential minerals to convert them into rock. 
Fossils are formed deep underground, where 
oxygen levels are so scarce that no bacteria can 
survive there. This means the body is unable to 
decay and lose its shape. 

It’s odd to think that these bones could be 
frozen in time only to be neatly retrieved from 
the ground as an almost-undisturbed stone 
skeleton. In some cases, not only are scientists 
presented with a perfect anatomical specimen 
to study, but they get an insight into a dayinthe 
life of a dinosaur - albeit their last day. Those 
that were suddenly buried alive can be retrieved 
in the exact position they died in. These are 
extremely rare fossils, but can provide 
information about the way a species lived. 

Around the world, new dinosaur species are 
constantly emerging from rock faces, sandy 
dunes and clay-rich soils. But why are they being 
found now? To retrieve a fossil from sediment, 
the dinosaur first needs to be within reach. 
Sometimes it simply means being in the right 
place at the right time. You need to be near the 
land where the fossil has been held for millions 
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True form Trace Carbonised Cast 





























: os mee The rock of a mold fossil These fossils are created Trace fossils aren't Created when a dead Cast fossils are more 
7 Pe * Piet details the outside of the when the body of an necessarily physical remains organism is buried on flat advanced mold fossils. 
. te. : : : : : : : : : 
(oN a Sait organism. After the organism is replaced with of an organism, but their rock. Over time a thin Once the mold is created, | 
Wi a ae my . . . . . . . . . . . | 
eb) a S sediment around it hardens, rock. It displays the formation displays traces of carbon film is deposited the hollow area is filled with | 
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Perfectly preserved 
While the soft tissue of the 



















Ps dinosaur could be eaten by 
Pes Dinosaur death scavengers, an unmoved and From bones 


untouched body is required for 
the most informative fossilisation. 


The location of the animal’s 
death holds great significance 


when it comes to fossil potential. ive) stone 


Most dinosaur bones discovered (Olio l(e mst] auamuelgamualsts> 


Rater are from those who died in a ellctamerxstltlacton nivel cesses te 
watery environment. 
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to be retrieved before the conditionsabovethe times ofyear to search. Knowing where to look The world of the dinosaurs seems so distant, See sao Fae 
ground erode or damage it and render it and what to look for has increased the success but with every new species found we get closer ieee = 
unrecognisable. The reasonthatthenumberof ofbeachcombing and geological digs. to it. As our advancing knowledge of the MS aay 
finds has increased in recent years is in large Although learning from previous finds relationship between each species grows, we aches oe 
part due to our expanding knowledge of the enhances our understanding of whattolookfor have learned that dinosaur traits have been : Dae vy 
dinosaurs and the evolving technology that next time, new species are often found inthe carried into the present day - and not justin ee - ae z 
helps us to study them. least expected locations.One ofthe mostrecent _ their fossilised form. Modern birds actually te Or 
More people are out looking for dinosaur dinosaur revelations was pluckedfroma British originated in the Mesozoic Era, evolving from ri ; : ) te # 
fossils today than ever before. We now know beach on the Isle of Wight last year, and after the theropod dinosaurs. Members of this group Sieeaen Fas 
where the best places to lookare,whatkindof thorough research it was revealed to be anew ranged drastically from the immense oot ; ns 
shapes the eye should be drawntoandthebest species this summer. Tyrannosaurus rex to tiny bird-like creatures. aus . <i 
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Discover how a new 
species was uncovered 


It was recently revealed that four dinosaur 
bones, found last year on the Isle of Wight, 
England, are those ofan entirely new 
dinosaur species. Since October 2019 these 
bones have been held at the University of 
Southampton, where palaeontologists 
have been hard at work trying to discover 
what animal they belong to. They soon 
realised, after comparing each minute 
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detail to a computer database, that this Pj acin Neck Tail 
ieehan b hat This was the first bone to be found. When James This is a caudal bone, one of the two 
epeeee deve yee ectverr th b Lockyer discovered this vertebrae bone it was bones found by Ward. Theropods’ tails 
Named the Vectaerovenator inopinatus, it e ones broken, but through comparison to other similarly were relatively long compared to their 
isa member of the theropod family of How these fossilised finds shaped theropod bones, this bone is thought to bodies, and were muscular to support 
have been placed high in the dinosaur’s neck. the standing dinosaur. 


dinosaurs, makingitacloserelativeofthe fit together 
Tyrannosaurus rex. Its given name sums up 
many ofits discovered qualities. 
‘Inopinatus’ means unexpected. What 
made these bones particularly interesting 
to palaeontologists is that they were found 
in the lower greensand. This is a marine 
sediment which isa rare location for 
dinosaur fossils anda likely reason why 
the species had not been located before. 
Neil Gostling, who supervised the study, 
said: “The Isle of Wight is the best place to 
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find dinosaurs in Europe, butusually these — | ina vain An Isle of Wight resident, Paul Farrell, collected 
Se ays ‘ ! tot : 
finds are a terrestrial deposit. It is exciting ee ee ia ot . - Lees caer was not 
: ee ; , a auplicate bone, this aaqded To the evidence 
because greensand is 116 million years old, ! dorsal clearly that the fossils were from a single animal. 
and we have a poor understanding of y “ObPlay Ste ONO 


spaces occupying 
the bones. 


European dinosaurs in this time period.” . Broad ainda 
With the samples spanning across the length of the dinosaur’s 


Aero’, which is incorporated into the $i ddd god reg tose le uae Cote etea tomcat erereerey orcs body from head to tail, the findings suggest the whole animal saeba rated! 
new species’ name, means air in Latin, and sunk into the ground as one complete body to be preserved. 


refers to the hollow properties of the four 


bones studied. They have large holes How does the new theropod compare 
which would have been extensions of lung with other group members? 


tissue for gas exchange. 1.8 metres 


The head of a Mapusaurus 


Ditte ia very Cue nwa Creer me 160g 7,500kg 12 metres roseae was the size of a bathtub. 
oxygen into the body,” Gostling said, The smaller Epidexipteryx weighed Spinosaurus The Tyrannosaurus 
the same as a billiard ball. aegyptiacus was as rex could be long 


“which some other theropods have as well. 
[The four fossils] don’t feel like rock ! NN EEE | Vecisérovenstorinopinatus 
because they’re almost hollow.” | fn ny nine ann gf oon nennncbenecnencbanonnonbanwno-d------d was about twice the length 
Despite only four bones being studied io 2. ek | ‘ae ae eee _ ofa full-sized bed. 
from this dinosaur, the university has 
already determined specific details about 9 
this ancient creature. Since the release of : | | | - |... |e —_ | peal oo ee 
the findings another two bones from the —l ih eC | — oe, 2 eee 
i= 


same species have been handed in, and 
| Mapusaurus 
| inopinatus | 






heavy asllcows. _ asaschoolbus. 4. 4 metres 










the researchers hope to soon reveal further 


information about it. rex 
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DID YOU KNOW? Around the world, d new species of dinosaur is discovered nearly every week 
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Ward discovered two of 
the dinosaur’s bones 
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Robin Ward and James Lockyer popping out the rocky substrate. I went to 
weren't expe cting to find anew wash it in the sea and saw that it hada nice 








. . shape to it. S 2 
dinosaur species when they even more exciting. Ithinkit'sincrediblethat _ Velie 
visited the Isle of Wight last year. When were you made aware of the the university has the technology to identify =: Pate 
In March 2019 Lockyer significance of your find? something that we didn’t even know existed. Paes 
discovered one of the dinosaur’s RW: The first was ean adinosaurbone.The  Inalifetime it is a to oave one notable find. a “had eae 

second one was a different shape, but looked To me all fossils are interesting to find, but to hie": 
bones, and Ward foundtwomore _ jj,ethesame rock. They were so close I have my name against this find is exciting. Pray, 
in May. The fourth boneinvolved _ thoughttheyhad to be fromthe same SES : 
in the study of this species was dinosaur, and they were. What do you like about fossil hunting? a : -R = 
collected by Paul Farrell. Two days later I went to the Dinosaur Isle ie When you crack aoe a Stone most of the Ae ae 
museum to see what I had found. The time there will be nothing in it, but when you Har Py aa 
palaeontologists’ eyes lit up as soon as they do find something, you're the first person on ea ene ss 
What brought you to the Isle of Wight? saw them. They couldn't find anything like Earth who's ever seen it. That’s such a good Pee ee 
RW: Ihave been to the Isle of Wight a few them in their exhibit. Itwas only aftertheyhad feeling initself. ged aa 
times, but it was my daughter who chosetogo been properly researched that I found out it JL: Ever since I was young I've liked searching. ree i ee 
there this time, as it was her tenth birthday. was a new species. I was always digging holes in the garden. I ; , f. as 
When we arrived we were too early to check JL: knew! had foundavertebraeasIhavean _ didn’talways know whatI wascollectinguntil =~ Set “ 
into the hotel, so we decided to go fossil interest inarchaeologyandIlam quite goodat  Istarted fossil hunting more seriously and ati £ “aS 
hunting on Shanklin Beach while we waited. spotting bones. I also knew it was a fossil. began learning about the geology of what I was i masts 5 
JL: Ihave been fossil hunting for the last 10 to Atthe museum, theywereveryinterestedin _ finding. The best bit is not knowing what 3 nae 
15 years and went to the Isle of Wight becauseit it but weren’tsure what it was. Theysaiditwas you're going to find. A lot of the time you don’t ee 
is an area with rapid erosion of the cliffs. the best find of the year so far.Butitwaswhen __findanything, so when you do there isa thrill. 2K Sg 
Because of that, it’s a good place to find fossils. | they got involved with the University of ‘ < a z ee 
Southampton that things got moreinteresting | Howdoesthis dinosaur compare to your ath je ty 
How did you come across the bones? and they established what it really was. previous finds? pe AR is 
RW: As I searched the rocky area, I knewa find RW: This was my best findinthe factthatitisa « “| 
was possible because there had just beena How does it feel to be linked to the new species. I have also got an ichthyosaur ; S 4 sit 
high tide, which could uncover fossilsfromthe discovery of this species? skull, which wasa cool find. Thatwasareptile «= oe . : 
sand. WhenIcameacrossthe firstoneonthe  RW:It’slikewinningthelottery.Ifossilhunt | thatswamintheseaabitlikea dolphin. ana we 
floor, Ivideoed myself F all the time. Whenever I have I've had many less successful searches.Once  “*. > 
picking it up and posted it I wads tol d five minutes I'll be looking I found a shell which was probably 400 million t we S : 
online. I knew it was froma Twou / d n 4 t through some gravel, buta years old. I threwit over to my son to havea es 
dinosaur. I found the second : dinosaur bone is the ultimate look and he chucked it straight into the sea, b itees ees 
just five minutes later, about fl ni d muc h find. Gifting the bones to the thinking it was just a stone. No one willsee sme 
eight feet [2.4 metres] away. on S h fala 74 | I n museum wasa bitlikewinning that everagain. ae | bee 
Iwas so chuffed I did a bit of thelotteryandthengivingyour  JL:I'vefoundmarinereptilebonesandvarious ‘«. ora. | 
a jig on the beach. It’s the money away, butifIhadn’tthey — other fossil types. One of my personal eo a 
find ofa lifetime. would only have had half of the favourites has been fossilised seeds. They are eas Pie P . 
JL: lwas told I wouldn’t find muchonShanklin bones they had to research, and! wouldn't fascinating because they look like the seeds pete 
Beach, but I like to look in areas where others know they were something special. we have today but they are millions of years 0, = 4 
don’t. Ibegansearchingtheforeshoreamong JL: Itwasnicetofinditinthe first place,butas old. It’s quite incredible to think that would ay cies 
the rocks and there it was — halfa vertebrae - time went on and! learned more aboutit,itgot have been the life ofa new plant. ns ‘ , pees 
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2 LARGEST. REX 
1991 ~ | 


The Tyrannosaurus rex is probably the world’s most well-known dinosaur. 
Their towering stature contrasts comically with their dinky arms. After more 
than 20 years, research of Scotty brought this enormous species to a new 
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This small theropod, Citipati 
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osmolskae, was fossilised while 


relate Molo aalili(e)aMict-] so¥- (ees) ©) asy-le| 
out across its nest, just as birds 
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faexsia late Wicwre lame] acel(slaiemeyslar-hulelele 


the body over the nest made it 
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this species was guarding its 


substantial evidence showing 






1 FOREVER FIGHTING 
bevel 


AVAVd aYslam da retcxoMe| | alect-] 0] gom elster-]amunlicmile)aimr-|gelelaremslOManliii(elamict-|acw-(e(emmnals\\7 
probably didn’t know they were fighting to the death... of them both. This fossil 
of a Velociraptor and a Protoceratops was discovered in a tangled scrap within 
the Gobi Desert’s sandstone cliffs. The Velociraptor has its foot claw in the 
neck of the Proceratops, which is biting back at its opponent’s arm. It is 
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3 MOST 
PRESERVED 


DINOSAUR 
2011 


VVdavclamanliarclarovarehuvamm’ lal q@exsver-le 
‘olfefeliaremiamantsmolelareceyam\Vlli(clalalielan 
Mine in Alberta, Canada, he 
wasn’t expecting to unearth a 
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dinosaur. While this was 

Tan) ®)acto)AUm=)aelele|aMmaalicmaleleles-y-l6l 
had been preserved to keep the 
exact shape it flaunted while it 
roamed Earth. Because of its rapid 
sea burial, the dinosaur was below 
(e[go)Ulavem ol-vke)c-Mimal-(emijanlcmee ol-vel/ a 
(o (=Xor- hv] ale pam Malo gelel @sie)i(e/ia(=1e) 
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remains. The fossil provides 
scientists with extraordinary 
detail of the animal’s skin, scale 
patterns and overall shape. 
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rare, aS many were soft-shelled 
and unlikely to become fossils. But 
in an even rarer case, 
palaeontologists in northwest 
China stumbled across over 200 
dinosaur eggs. Within these eggs, 
16 preserved embryos were found. 
uM at=malele(oWalllan|elslmeym=\e[eicw-] a> 
thought to be in the same area 
because the land was 
continuously flooded, but the 
dinosaurs used the same nesting 
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So far nearly 700 dinosaur species have been identified 
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Inside a palaeontologist’s tool 


What do you need to access hidden fossils? 


Chisel 


Dinosaur fossils are often 
found within rocks. Using a 
chisel and a hammer, rocks 
can be chipped away to 
reveal the inside. 


Walkie-talkie 


Some of the best finds are 
in extremely remote 
locations. If a group of fossil 
hunters splits up, contact 
with a designated base 
camp can be essential. 


GPS 


Keeping a record of where 
you are while looking for 
dinosaurs adds an element 
of safety. It is also ideal for 
documenting the exact 
location of the find. 


Pointed-tip 
rock hammer 
This tool is designed for use 
on hard rock. The flat end is 
used to crack open the rock 
and see inside without 


damaging any potential 
fossils within. The pointed 
end is used to dig a sample 
of the rock to analyse its 
mineral components. 


Small probes 
and chisels 
Accessing fossils can be a 
delicate procedure, requiring 
these small utensils. 
Fine-pointed picks work to 
uncover small fossils. 


Dust brush 
If fossils are covered in 
rock debris and dirt, soft 
brushes are a perfect way 
to reveal them without 
causing damage. 


Swiss 
army knife 
Compact and containing 
an assortment of small tools 
for every job, swiss army 
knives can be used to 
manipulate the rock on 
small samples. 


Vinac 
This solution of polyvinyl 
acetate adds a preservative 
coating to fossil finds. To 
stabilise dinosaur bones and 
stop them from breaking, 
they can be coated in vinac. 
The thin solution can be 
easily removed in a fossil 
laboratory later on. 


Pens and bags 
Fossils aren’t always 
uncovered in one piece, with 
many found fragment by 
fragment. Plastic bags can 
hold pieces of a fossil 
together while you can use a 





kit 


pen to document how and 
where they were found, for 
future reference. 


Measuring 
tape 
Recording plenty of 
information about a fossil 
and its finding place is 
useful when it comes to 
researching the find. 
Measuring the distance 
between two found fossils 
can be useful in determining 
the likelihood that 
the bones are 
from the 
same animal. 
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| §§) owdo we cope when temperatures fall far below 
_ © zero, mighty snowstorms sap our strength and 
| {© frost-covered floors knock us from our feet with 
surprising ease? Just stepping outside in extreme 
weather can feel like a fight in itself sometimes. But how 
would you manage if you were forced to spend hours in 
these numbing conditions? Physically, the human body 
begins to shut down after long periods of time in very 
low temperatures, as our internal heat becomes 
compromised. In fact, if our core body temperature 
drops by just two degrees Celsius, we can begin to 
experience early signs of hypothermia. 

For those who fought in some of history’s coldest wars, 
there was no option to step back indoors. Their lives 
were in danger from two major threats. As their bodies 
were battered by the frosty conditions, they needed to 
retain the strength to dodge the wall of weapons being 
launched towards them. The only way to warmth was to 
eliminate the human threat before them. 

As muchas the cold has been a hindrance to some 
armies, the changing properties of frozen landscapes 
could sometimes be used to their advantage on the 
battlefield. For those fighting on their home turf, the 
experience of navigating icy ground allowed them to 
focus on the fight. In other cases, poor visibility 
benefited defence, like a natural smoke bomb. From the 
mid-storm scheming of the Middle Ages to the fight 
against frostbite in 2oth-century warzones, these are 
some of history’s most bitterly cold battlefields. 
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In this battle of the War of the 
Third Coalition, French military 
leader Napoleon emerged 
triumphant. What did he do to 
attain this result? He 
incorporated the difficult 
weather conditions that 
surrounded him into his attack: 
instead of waiting for better 
visibility, he used this weather to 
his advantage. Amid the 
sub-zero fog, his tactic was to 
confuse the Russian and 
Austrian forces, whose troops 


AM alism ey-llalalareme(=)e)(o1somuarcw-)anclapat-laa 
of the Battle of Eylau 
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As Russian troops retreated, 
Napoleon’s cannons broke the ice 
covering the frozen Satschan 
ponds, drowning soldiers 

© Alamy 


» Freezing 
, fog of 
_ Auster1Litz 





outnumbered Napoleon’s French 
army by over 20,000 men. 

By pretending to retreat from 
the small town of Austerlitz, 
Napoleon made it appear that 
their side was weak. He planned 
to convince the allied Russian- 
Austrian armies to move into an 
area of dense fog. When the 
enemy was in place, Napoleon’s 
troops returned to the area to 
attack their surprised targets, 
charging and reemerging from 
the winter fog. 
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the Bylaw snowstorm 


7 | @ Q ir ‘EE ." PAN aad > a4 
a | a ae | = DB) 4 ad SrX‘iXt 7 ote 


By 1807, Napoleon was ona 
winning streak, but the Battle of 
Eylau provided a bitter end to his 
successes. While he was 
expecting another victory, he 
wasn’t prepared for the 
snowstorm that encased the 
skirmish. In this 14-hour battle 
against Russia and the 
Prussians, the violent storm 
significantly reduced visibility so 
that his troops could only see 
soldiers standing immediately 
before them. Following a plan 











became difficult as every man 
fought for their survival. 

However, surviving the fight 
didn’t necessarily mean 
surviving the day. After the 
bloody battle, many of those 
wounded were left to freeze to 
death before they could be 
recovered. Temperatures 
continued to drop, and the 
attack persisted until after 
nightfall. When both sides were 
too exhausted to continue, they 
halted the fighting. 
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the Ice 


If you've ever attempted to walk on a sheet 
ofice, you'll know how this frozen layer 
can upset your coordination performing 
even the simplest tasks. Duringa 
life-or-death contest of strength and skill, 
balance and perfect foot placement 
becomes a much more vital goal. 

During the battles of the Northern 
Crusades, the German Teutonic Knights 
fought Russian Prince Alexander 
Nevsky’s troops. The German troops, 
along with their allies, followed 
Catholicism and opposed the 
Orthodox Christian views of Russian 
leader Alexander Nevsky. In order to 
guarantee their win, the Russian 
soldiers led their enemy onto frozen 
Lake Peipus. Fighting on this solid 
lake required a whole new set of 
skills, and proved to bea ruthless 
test of endurance for the majority 
of the soldiers. The unlikely 
choice of battlefield is what gives 
the confrontation its name: the 
Battle on the Ice. 





Teutonic Knights enter 
2,600 allied troops containing 
soldiers from Germany, Estonia and 
Denmark marched towards the 
frozen Lake Peipus in an attempt to 
catch the Russian army. 


The icy 
strategy 


How did Nevsky carry 
out this slippery 
manipulation? 


Escape the ice 
Eventually, the remaining allied 
crusaders abandoned the lake. 
Nevsky’s win in this battle set 
geopolitical boundaries that still 
remain today, such as across the 
frequently frozen lake where the 
Estonia-Russia border lies. 
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Battle on [as 


Danes 
retreat 

The new wave of 
Russian men onto 
the lake was the 
last straw for 
some crusaders. 


The Danes, closest } 


to the fresh 
arrivals, turned to 
exit the lake and 
search for more 
stable ground. 








ieee 

combat while wrestling with the S. 

_ slippery surface, Nevsky ordered 
his backup troops to enter the 
lake. Having saved their strength 
for the initial fight, Russia had a 
huge advantage over the 


exhausted crusaders. 








































Hopeful charge 
All the allied fighters entered the 
uneven surface of the lake at the 
4 same time. The knights charged 
ahead at full force, while the rest 
= followed on foot. 






DID YOU KNOW? The White Friday avalanche holds the world record for the deadliest single avalanche 
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Russians gather 
Having received information about 
the opposition’s approach, Nevsky 
led his army to the lake. He believed 
the crusaders to be overconfident 
and was certain his side would be 

F more suited to the terrain. 


The events 
of ‘White 
Friday’ 

\ REE 


High in the snow-packed Alps, a 
series of attacks took place 
surrounding the Austrian-Italian 
border during World War I. As 
Austria and Italy’s armies climbed 
higher to reach better positions 
and continued to fire their 
weapons into the snowy peaks, 
the danger level escalated. But 
one particular day saw a killer 
with much more power than 
enemy fire. In mid- 
December 1916, a series of 
deadly avalanches swept 
away the lives of at least 
2,000 soldiers. 

















Strength in numbers 
In the middle of the lake, the 
outnumbered Teutonic Knights 


admitted defeat. Those who | Targeting Nevsky 


The Teutonic Knights had one main goal - to kill 


<: mite AUN a eli se Alexander Nevsky. They knew that the rest of the army 
os ; is ene “P _ would be weakened without him, but unfortunately 
: —_" their move was predicted. As a formation of troops 


made a direct charge against the Prince, the prepared 
Russian defence mirrored their move. 
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BUILD-UP f 
[1 DECEMBER 1916 Ji 


From the beginning of the month, the summit of 
the mountain had gained between 8 and 12 
metres of piled-up snow. Observing the 
accumulation, Austro-Hungarian commander 
Captain Rudolf Schmid demanded troops’ 
relocation due to a potentially larger threat. His 
superiors, situated in the safety of their heated 
offices, denied this request. 


OUT OF CONTACT 
[5 DECEMBER 1916_ 


Eight days before White Friday, the weather 
caused major disruptions to telephone lines. 
Without communication, both sides were low 
on supplies and unable to contact their bases 
for assistance. 


HEAVY SNOWFALL 
|6 TO 12 DECEMBER 1916 | 


The week prior to White Friday saw persistent 
heavy snowfall. This only added to the build-up 
to a fatal avalanche. 


AUSTRIA’S BARRACKS 
ARE BURIED 


At 05:30, 200,000 tonnes of snow hurtled 
down the slopes and filled the Austrian soldiers’ 
barracks. Destroying everything in its path, the 
wooden buildings and the 332 people occupying 
them were instantly crushed. Only 40 bodies 
were recovered from the snow, and only a few 
survived the event, including Captain Schmid. 


ITALIAN BASE BURIED 
[13 DECEMBER 1916 (EVENING) | 


Later that same day, a second avalanche 
erupted from the mountains above the Italian 
military base. This killed hundreds more, but 
this was not the end of the war’s avalanches. 
These events continued throughout the rest of 
December, bringing casualty numbers up to 
their thousands. 


INFLUENCING TACTICS 
[DECEMBER 1916 _ 


It’s reported that throughout December, later 
avalanches were used tactically. Their 
destructive ability to doom large numbers was 
displayed in the early avalanches, so some 
soldiers would aim for weak spots of snow, 
firing their weapons to purposefully trigger 
avalanches above their enemies. 
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Battle of Stalingrad soldiers 
on the front line 





Operation Silver 
Fox took place in 
, Karelia, Finland 


© Alamy 


+4 “US troops travelling 
» across the island of Attu 
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WWII’s coldest 
licts 





In a last major offensive towards the 
end of the war, Germany aimed to 
split up the Allied forces. Amid the 
icy blizzards, visibility was poor and 
temperatures plummeted, freezing 
weapons and tanks. 


American soldiers during 
the Battle of the Bulge 


© Getty 





Around 2 million people lost their 
lives as Germany attempted to take 
the city of Stalingrad. Becoming one 
of the bloodiest battles in history, 
the freezing temperatures added to 
the death toll. Most days the 
temperature was a harsh -20 
degrees Celsius, reaching a low of 
-30 degrees Celsius. 


Finland and Nazi Germany 
fought for power over the 
Lapland province during the 
winter, when temperatures 
ranged from zero to -30 
degrees Celsius. 


German soldier preparing 
weapons during the Lapland War 


© Getty 





The German military’s main aim was 
to capture a Soviet port in Finland. 
This proved unsuccessful, largely 
due to the unforgiving weather. Ice 
and snow had frozen over most of 
the land, and with only a few roads 
available to travel, their route to the 
port was limited. An overall lack of 
preparation meant that the defence 
had the advantage and won. 


Japan gained control of the island, 
getting used to the drastic 
difference in climate compared to 
their homeland. US soldiers didn’t 
anticipate the sudden wind storms 
and fog-covered peaks. Early on, 
more American soldiers fell victim to 
the weather conditions, dying from 
frostbite and trench foot rather than 
from Japanese attacks. 
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- Road to London ee ae 1 
The attack was launched beside ~ Saxt ‘lla - 
the road that connected Towton [|- axton village 


Lancastrian army. 








Battle of Towton: 
where weather 
was in command 
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Battling the. 
blizzar wi 


How a relentless 
snowstorm impacted 
England’s bloodiest fight 




















































Chosen location 
_ 65,000 soldiers met for battle 


the villages of Towton and 
Saxton in North Yorkshire. 





The Yorkist army travelled to a 
- village around 1.5 miles from 
_. Towton, where Lancaster 
hd troops were stationed. 


and London. As the road led 
behind York’s troops, wind was 
able to pick up speed over this 
flat land, in the direction of the 
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_ Duke’s troops 
' | It wasn’t just the fact that he took 
advantage of the wind that helped 
_ York win. The Duke of Norfolk, John | 
_ Mowbray, arrived during the battle 
_ with his own troops. The extra 
archers added to the arrows 
raining down upon the enemy. 





(NOW? After a brutal defeat at the Battle of Towton, it took the House of Lancaster three years to rebuild its army 
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During the Wars of the Roses, multiple brutal 
battles were fought between the houses of York 
and Lancaster, with both sides eager to gain 
control of the English throne. The coldest of the 
wars’ conflicts played out near the small village of 
Towton. Lancastrian King Henry VI denied Yorkist 
Edward IV his succession to the throne, and it was 
this argument that was to be settled in the bitter 
conditions of this battlefield. 


Red river 

The River Cock flowed 

red with blood and filled 

with dead bodies as York 

continued to hunt down 
the retreating men. 


= Desperate flee 
As the outcome began to look 
© bleak for the House of Lancaster, 
"many men decided to flee the Yorkist archers were 
7 <e battlefield. Some took the risk of am ; ordered to fire into the wind 
~ > Wal | a © removing armour in order to run a ee KE © Getty 


<s = J vt more easily across the icy terrain. 
_ Wind advantage : 


4 As the snowstorm continued, 
the wind carried snow and the 
| Yorkist’s arrows acrossmuch fF i ea mh: ae | cn pi o- 4 — é .) Desperate charge 
longer distances than the , «lie re ee - A cd 
> ON of get ~~ ~*~ + Being outside in the wet weather 
Lancastrians could achieve. . nt. ta , oe ee fe ; 
= [ =a aie” ae for days prior to the fight caused 
“ae : ’ > ae the armour on many men to rust. 
- Those who didn’t treat their steel 
equipment daily with sand and 
vinegar were forced to fight 
head-on without armour, dying 
due to a lack of protection. 
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3 || SF 
» Central clash Towton 
~~. Lancaster had about 5,000 more men than ~ — A. While in Towton, Lancaster’s 
York, but limited as they were by the sal aig Bl a. troops postponed the battle 
weather conditions, they ended up losing aS / “er: sh. by one day, giving a chance 
their upper hand. Their vision was impacted pe AG ig to gather more men. 
by the snowy headwind as they struggled to ae =< 
_ hold their territory on frozen ground. 
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Explore these 
settlements to 


discover why they | 


didn’t survive the 


test of time Words by Nikole Robinson 













































umans need water to survive, and so access to 
a this precious natural resource has been an 
important factor in deciding where we have 
made our homes throughout history. Building near 
rivers, lakes and springs gave early settlements 
access to clean water for domestic and agricultural 
use, and the availability of fish was a reliable 
food source. Travelling by boat also became an 
easy way to navigate the land more quickly, 
allowing our species to migrate to new areas. 
As humans spread across continents and 
Jefe) oLveE-LaCoyetomolore)erlelemmaesle(-Melciany(sryel 
civilisations became more frequent. 
Coastal settlements allowed for larger 
vessels to come and go, increasing trade 
and therefore the local economy, with 
many more port towns being built asa 
way to access rare goods and riches. 
But the waterfront isn’t always a 
safe place to settle. With little 
protection from flooding, natural ae 4 
disasters such as earthquakes | 
and tsunamis, bad weather and_... _ a 
changing sea levels can all 4, Oe 
easily destroy in a day what 
has taken people hundreds ; * 
of years to build. Water can 
claim the land, buildings 
and human lives. Here we a 
dive into some of the lost 7 
civilisations now deluged = 
beneath the depths. 
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This valley in Zhejiang Province was ‘i wad 
purposely flooded as part of the Xin’an Pr 
River Dam project to generate i 
aN Yelgey) (-Kean atom ole) V(:) am ce) mant-Masyel (eam | oma? sp A 
Submerged 25 to 40 metres below the Ee 
TUT gre (ox- Moy mm al=Malelaat-lataaat-le(-me@lt-laret-le) 9 









Lake lies an ancient city frozen in time. 
eX=\I(e\"(2\e Mm Ko ol=¥-]gelllalemy mr cOlOMV(=)-]a-mel le 

- though some believe certain structures 
are even older - the city once stood at 
the bottom of Wu Shi (Five Lion) 


a 
Mountain, which is now also partially Saeftin he 
submerged. Rediscovered in 2001 ona 












diving excursion, the city is a well- 
preserved relic of its time, with many 


alam (or-| x= Mor-lmY[alel-Meymel e-lele)al-wm e)alel=lalp.<=t-) 
FTavemi(olacmoelm@dalaremlam-liMmaelclimel(e)mvae)a| Nowa swamp known as the Drowned Land of 


wooden arches. Temples, pagodas and Saeftinghe, this was once a prosperous place. In 
other structures remain intact thanks to the 13th century the marsh was drained so that 
the purity of the water, allowing j 
archaeologists a window into the the fertile land could be built on, and dikes were 
architectural design of ancient China. raised around the reclaimed land to protect it 

from floods. Much of the land around Saeftinghe é 

. : , AN dati cs)anteliatsme)mey-(>) malate | aout 

was lost in the All Saints’ Flood of 1570, but the fiarenladtdereatenthietered 

final blow came during the Eighty Years’ War in by tumultuous tides 

1584. Dutch soldiers fighting in the war for 

independence were forced to destroy the last 

dike barrier while defending Antwerp, allowing 


the waters of the Scheldt to take over the town. a D | ke S\~were fa | sed 


Alocal legend tells a slightly different tale, 


however, blaming the 1570 flood on the wrath ofa qgroun d th C rec | C [ Mme d 
mermaid held captive by the townsfolk. Today | gn d t 0 p ro t Pe ct | t 


Tee eee Ca heatunglhcwome mousse the settlement is buried under layers of sand and i 
I yave Mire] <= clay, though bricks have been recovered that fr OFM fl OO d S 
could have belonged to an abbey taken by floods. 
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Artist Jan == —— 
impression of the qieseie ; 
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PortRoyal = >=. Sat 
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DATE SUNK: 7 JUNE 1692 


The Caribbean pirate haven of Port Royal AX, & a a Ul 
was known as ‘the wickedest city on Earth’ ll a ; 
before a devastating earthquake and the 
tsunami that followed in its wake cast 
two-thirds of the town below the waves. = a” ly ane ek 
The intense shaking liquified the sand a ee WO ~ Se 
beneath the 2,000 or so brick buildings, — 7 | 7 
which were displaced and appeared to flow 
out to sea. Of the estimated 6,500 
inhabitants of the town at the time of the 
disaster, 2,000 are thought to have perished 
in the earthquake and tsunami. A further 
3,000 were to meet their end from injuries 
and disease in the aftermath. 


© Alamy 


oe kk 


Changing shorelines a 
How a natural disaster shifted the shape of Port Royal A terrible loss 


Two-thirds of the town from this 

a point down to the shore sank 

_— into the sea, submerging the 

~~ smithy, church and warehouses, 
/ as well as the governor’s office. 






Fallen forts 
Powerful cannons atop these 
fortresses would have once 
held off attacks from ships, 
but they had no defence 
against a natural disaster. 


ih 
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: 

H 

Sinking ehine: : mn 
Many moored ships sank Bt , : 
alongside the city. Archaeological Mi ko) 
efforts are underway to reclaim [= 


artefacts from them. 


hye 


: | As the sand 
; underneath liquified 
from the intense 






 Recianiation ) 
| Inthe 1960s, plans to reclaim this shaded area of | be 
| land from the sea began, to turn the town into a 
Be cruise ship port and tourist destination. 


© Illustration by Nicholas Forder 
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Amsterdam in the Netherlands Is ground two metres below sed level 





The area suspected to 
ate \Vicw alossimavom (Ulave) ate) imac 
mostly salt flats now 


- Rungholt 


/< 


‘ ZMACLLY 





DATE SUNK: 16TH CENTURY 
ng considered to be just a 


GREECE 





DATE SUNK: 1000 BCE 


at the site 


EGYPT 


- 6TH OR 7TH 





One of the oldest submerged settlements ever 
ISRAEL 
discovered, careful excavations have revealed 
Ss rectangular houses with hearths and the 
Ati it Yam remains ofa dry-stone well. One of the most 
interesting finds was a megalith structure - 
DATE SUNK: 6300 BCE similar to Stonehenge - built around aspring, 
made of seven huge stones weighing around 600 
This Neolithic village lies 8to12metresbeneath — kilograms each, while burial sites and human 
the Mediterranean, hidden for over 8,000 years remains have also been unearthed. One study 


until marine archaeologist Ehud Galili was suggests that a tsunami is likely to blame for the 
surveying the sand for shipwrecks in 1984. abandonment of the settlement. 
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Ue ip ine wOnGAe | > = O6e : : - 4 the Turkish island of a 
deteriorating at the — Kekova, the partially > ‘ 
| bottom of the Atlantic | | GREENLAND submerged ruins of this SVALBARD 
after its fateful meeting i are 
| (Denmark) town are often visited 
with an iceberg over ee 4 by boat tours ‘ B 
Beaufort Sea 100 years ago. ue 3 
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Now a quaint village in =4 FINLAND 


Suffolk, England, in 
Anglo-Saxon times this , ne 
Shipwreck searches turned up a was a major trading “ae 7 ~ 
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stone carving of a mastodon and Gy hae port before it was : “KINGDOM Sea 
a Stonehenge-like structure et \ destroyed by storms: rg 

about 12 metres below the “ aN Island of 
surface of this Great Lake. N Dee ote 
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BELIZE INVINOIN -. Sere ERD 
This cave has an ‘underwater PB | Carribbean Sea . a SENEGAN 
river’. This eerie effect is EL SALVADOR ™ ae THE GAMBIA Se 
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created by hydrogen 
sulphide released from 
organic matter separating 
the fresh and saltwater. 






THE 
GO DEMOCRATIC RwaNog 

REPUBLIC 
OF THE CONGO 


@ 
EQUATORIAL Ga 
GUINEA lll 

Wes 






GABON 
In 2013, Jeff Bezos | 
South spearheaded an expedition 
aie to retrieve parts of the 
: Pac ifi ae Saturn V rocket that 
ee bo ae (ONG AGED) launched astronauts to the 
French Polynesia =~ Moon from the seafloor. 






A massive storm in 2013 
revealed strange stone 
shapes in the seabed. They 
were identified as a Roman 
Easter Island i port town, Neapolis, sunk by e.. 


an earthquake in 365 CE. south ite 
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The USS Johnston is the deepest known shipwreck, lying 6,217 metres below the sea 
















om OGL ACE) 


Navoue ns) 
Franz Joseff Zemlya 
Land 
Kara Sea 
Laptev Sea Ce te 
KALLA ZC Novaya 
YASUE) 
Some think that this is a : AQGelty “oe Chukchi A window below 
5,000-year-old city that a Glass-bottom boat tours are 
sunk around 2,000 years popular in Pavlopetri, Greece. 
>) U S S | nN ago, while others debate 

that it’s a natural structure. From pirates to cruises 


The first cruise ship in over 40 
years docked at Port Royal in 
January 2020. 


Bering Sea 





RY27) 


oni eee Taller than Everest 
Mauna Kea is the tallest 
mountain at 10,211 metres, but 
more than half is below sea level. 


MONGOLIA 






TURKMENISTAN 


KYRGYZITA R | No rth 
TAJIKIE f P ne Sunken treasure 
@ : acific The San José galleon wreck 
ge" Ocean holds treasures worth billions. 
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mostly submerged in the 
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is one natural structure that 
breaches the surface. 





Great Australian 
Tasman 


rising tides ~ ae 


How long do our cities have left if the sea continues to rise? 
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n 646, the Taika Reforms united Japan intoa 

state ruled by an imperial government under 

an emperor. Land was redistributed, and 
heavy taxes were imposed. These taxes meant 
that many farmers had to sell their land and 
work under others, and asa result wealthy 
landowners gained more power, becoming lords 
who answered only to the emperor. To protect 
their wealth, they began to hire mercenaries and 
employ family members as guards, triggering 
the age of the samurai. 

These early samurai - meaning ‘one who 
serves’ - would collect taxes, threaten those who 
wouldn't pay up and defend their lord from 
rivals who might look to expand and take over 
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their assets. However, their importance in 
society didn’t really take shape until the Heian 
period, between 794 and 1185, when imperial 
power began to decline. The emperor’s influence 
was lost outside of the capital, and civil wars 
began to break out across the county. The 
warrior class now played a huge role in society, 
and local lords began to amass personal armies 
in the struggle for power. 

While the two sons of Emperor Toba fought 
over what little imperial power remained in the 
latter half of the 12th century, two powerful 
samurai and their clans were fighting their own 
battles. Though Taira Kiyomori’s clan would be 
victorious at first, seizing control of Japan and 





establishing the first samurai-led government, 
after his death the Minamoto clan would strike 
back in the Genpei War of 1180. After their 
victory, the head of the clan Minamoto Yoritomo 
established the Kamakura shogunate, turning 
Japan into a military dictatorship, but allowing 
the emperor to remaina figurehead. 

Under military rule, samurai had more power 
than ever before, though they were still in 
service to their lords, who became known as 
daimyo. The new enemy became the Mongol 
Empire, a horde of nomadic tribes who had 
already conquered China. With the weather and 
seas on its side and samurai from all over the 
country fighting to repel the foreign forces, Japan 


The Portuguese introduced firearms to Japan after landing there In 1543 
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kept the invaders at bay. 
However, the Kamakura shogunate was 

unable to offer much reward to the samurai 
leaders who had come to the country’s defence, 
and soon its grip would begin to loosen. 

In the 1400s the entire country was plunged 
into civil war once again, with the daimyo all 
vying for power using the strength of the 
samurai in their service. This 100-year conflict 
would be dubbed the Warring States period, and 
would see the status of the most powerful 
Samurai equal that of nobles, with their 
standing able to pass down to their children. 

During this brutal period, powerful daimyo 
would also employ more clandestine tactics, 









Ld 
ed by 


experienced blacksmiths 


hiring shinobi warriors - better 
known as ninjas - for sneak 
attacks and sabotage. In stark contrast to the 
samurai and their newfound nobility and code 
of honour, ninjas were low-class citizens trained 
in specialised skills and stealth, making them 
the perfect spies. Because of their secretive 
nature, it’s hard to say when exactly the art of 
ninjutsu began to develop and when ninjas were 
active in warfare, but many of them can be 
traced to the Iga and Koga regions of Japan. 

The eventual reunification of Japan would 
start with the powerful daimyo Oda Nobunaga, 
whose army defeated other influential warlords 
and overthrew the Ashikaga shogunate. Seeing 





The woven basket roy aren Ce) aalersie) monk 
made a good face covering 
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ninjas as a huge threat, he first defeated and 
scattered the Koga shinobi, then launched a 
massive offensive on the Iga clan. Decimating 
them in open combat, many remaining ninjas 
would end up in the service of Tokugawa Ieyasu, 
who would rule Japan as shogun from 1603. 

After years of turmoil, Tokugawa ushered ina 
new era of peace and stability, and suddenly 
there was no place for the samurai or ninjas 
outside of the shogunate’s service. Some samurai 
remained loyal to their lords, but rarely saw 
combat, while others were forced to hang up 
their swords and become farmers. Ninjas 
became more ofa myth, with their exaggerated 
‘magical’ abilities becoming legend. 
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Serving as protection for the face, if -_ a Kabut 

the intricate and oftendemonic —_/ 7 a u Oo 

designs of these masks were also / i siete he tai 
intimidati - Ds also showed off wealth an 

an intimidation tactic. 2 


_— Status. As samurai rose to 
power they became more 
elaborate, with maedate 
(front ornaments) becoming 
complex and ornate. 
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Samurai armour was 
both sturdy and 
flexible. Made of 
metal, wood or 
leather plates 
stitched together, 
the wearer could 


rill : rj 7 ais a he hig a . 
LAretHCLEC CeCe eeere | rm | By = move freely in battle. 
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Kote 


Before the 12th century, 
only the left arm was 
covered to aid with 
archery. The style of 
these armoured sleeves 
varied greatly, as did 


ca) 
a 


Katana 
The iconic weapon of a 
Samurai, a katana is a curved, 
single-edged blade with a long 
grip - they could be wielded 


with one or both hands. Kusazuri 
x ——- A four-piece, 
By a -] armour-plated 
, skirt was 


2. 


attracted to a belt 
and laced to the 
do. This covered 
the thigh armour, 
called haidate. 


J 





Suneate 
Made in the same style, § 
colour and materials to | 
match the kote, these 
were usually vertical 
armour plates with a 
cloth backing. 







Waraji 

Though the rest of their body was 
heavily guarded, Samurai wore 
simple straw sandals on their feet 
over split-toe socks called tabi. 





1274 


Kublai Khan sends 600 ships 
carrying Mongol warriors to Japan. 
They are hit by typhoons and about 
10,000 samurai called into service, 
who send the warriors packing. 


646 


The Taika Reforms change 
the country to mimic 
Chinese culture and rule, 
allowing some landowners 
to become powerful lords. 


1192 


Minamoto Yoritomo 
becomes the first 
shogun of Japan, 
establishing the 
Kamakura shogunate. 





Source: Wiki/Fujiwara no 
Takanobu 
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Way of the 
warrior 


Samurai lived by a moral 
code called bushido 


== 
Justice (gi) 
Sometimes called 
righteousness, the 
core of this virtue 
was doing the right 
thing, even when no 
one was watching, 


and treating all 
people fairly. 





Compassion 
jin) 

A samurai used their 
strength to help 
others, using their 
power for the greater 
good rather than 
selfishness. 


Honesty 
(makoto) 

A samurai wouldn't 
lie, and needed to 
fulfil promises made. 
They were supposed 
to be sincere and 
dependable, and 
were therefore taken 
at their word. 


ASSN 
Loyalt 
(chugi 
Samurai needed to 
be counted on by the 
lords that they 
served and not 
betray them. They 
were also loyal to 
their families. 


1467-1615 


The Sengoku or Warring States 
period. Japan is split into small 
regions. Daimyo fight each other 
for power and samurai and ninjas 
are active in their service. 


Courage (yu) 
A true warrior should 
be heroic, not only in 
combat when facing 
death, but in all 
aspects of life. A 
samurai would never 
run from battle or 
responsibilities. 


AL, 


Respect (rei) 
Samurai showed 
respect by being 

polite and 
well-mannered to all 
people, including 
those beneath them 
in status. 


FE 


[-— 


Honour 
(meiyo) 
Dishonour was 
worse than death for 
many samurai, who 
feared disgracing 
themselves and their 
families with actions 
that went against 
their virtues. 


=i 


Self-control 
(jisei) 

A samurai was in 
control of what they 
said or did, always 
upholding their code 
of honour despite 
temptations and 
impulses. 


1568 


After unifying Japan and 
ending many conflicts, 
Oda Nobunaga instills 


Rokkaku Yoshikata as the 


new shogun. 











Cunning and deception gave ninjas 
an advantage over their enemies 


Assassination 


Stealth allowed ninjas to get close to their 
targets without raising suspicion, and many 
daimyo feared a surprise attack. Castles 
used uguisu-bari flooring that would make a 


bird-like sound when stepped on. 


Espionage 


Blending in behind enemy lines, a ninja could 
learn about an enemy’s plans or a castle’s 
defences. Monks and priests were popular 

disguises for ninjas, though many simply 


dressed as commoners. 


Arson 


Gunpowder stores, armouries, warehouses 
and palaces were all prime targets 

- sometimes from afar by firing flaming 
arrows, or bo-hiya. Setting multiple fires 
would cause more chaos and confusion. 


Deception and sabotage 
A ninja hidden among the enemy could 
spread misinformation and pass on 
incorrect orders. They could also destroy 
or steal supplies, poison wells or ambush 


enemy soldiers. 


Escape 


Ninjas were so good at slipping away that it 
was Said they could disappear through walls. 
They made use of nature, hiding high in trees 

or underwater, as well as using smoke 
bombs to obscure an enemy’s vision while 


they ran or hid. 


1591 





Wiki/Utagawa Kuniyoshi 


Samurai are no longer 
allowed to farm their own 
land, and rice is provided 
by their daimyo as 
payment for their service. 


© Illustration by Nicholas Forder 





A ninja’s 







Kaginawa 
Rope grappling hooks were used to scale arsenal identity 
walls, for example during castle sieges. Some Specialise Allowing an 






d tools anq 


| assassin to remain 
Owe 


anonymous, the 
head was wrapped 
in a zukin, while the 
face was covered 
by a piece of cloth 
called a fukumen. 


ninjas used hooked rope ladders instead. 






























Tanto 

A short sword was easier to 
conceal, though some ninjas 
carried full swords, often 
choosing a disguise that 
would allow them to carry 
one without suspicion. 


Tetsubishi 


These small, spiked 
metal objects could be 
dropped to slow down 
pursuers and aid in 
escape. These would 
easily pierce straw 
Waraji Sandals. 


| 


Kusarigama 
The weighted chain could be 
used a bit like a lasso, wrapping 
around an enemy’s weapon or 
tying them up. The kama (sickle) 
could then be used to attack an 
incapacitated enemy. 


Shinobi shozoku 
A stereotypical ninja is shrouded in black 
robes. With most of their work done under 
cover of darkness, dark blue would actually 
have helped hide them more effectively. 


Shuko and ashiko 


With shuko worn on the hands 
and ashiko on the feet, spikes 
were driven into walls or trees to 
help climb them. They could also 
be used in hand-to-hand combat. 


Shuriken 


Designed in many shapes, the 
most commonly depicted is a 
star. These could be used as 
throwing weapons or as a 
small dagger in a pinch. 


SCAN HERE f 





18/76 


Samurai are banned from carrying 
daisho and are only permitted to 
carry short swords. With no real 
place for them in society, many 
enter military service. 


1701-1702 


The 47 ronin infamously avenge 
the death of their master Asano 
Naganori, after which they 
disband and commit seppuku, 
an honourable ritual death. 


1676 


Fujibayashi Yasutake 
releases the Bansenshukai, 
a book on the ways and 
training of the Iga and Koga 
ninja clans. 
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What spaces are found 
within these walls? SCAN HERE & 


Plentiful offices 


1 a Cooking for Around 200 members of 
ee the crowds staff work for the prime 
| Lit minister within Downing 


These large kitchens cater for - 

those attending events in Street. The main political 

cabs. Ee aul i He i ied Downing Street. During World office . next to the ern 

SELES CECT TS ee Mm TTT aT War Il, this was one of the Der cr eet OOuH 
—_ areas damaged by bombing. 


inside 10° 









Take a tour of the UK prime 


minister's official abode 
Words by Ailsa Harvey 


ver since Robert Walpole, the first person 
regarded as holding the power and position 
ofa British prime minister, 10 Downing 
Street has been the prime minister’s official 
residence. This came about when King George II 
offered Walpole the building asa gift in 1732. 
Walpole accepted it on the condition that it was 
nota gift solely to him, but to whoever held his 
position. To this day, the role of prime minister 
has come with this gift. | 
Signifying this tradition, the portraits of former is 
prime ministers are placed on the wall leading up 
its grand staircase. The current prime minister is 
missing from this display, but as soon as they 
leave office the frames are shifted down the wall, 
and anew portrait is added at the top. There is no A place to eat 
requirement for a prime minister to live within There are dining rooms tor 
everyday use, as well as a large 
these walls, however. In fact, between 1735 and Sisto Dining Room which lias 
1902, only 16 of the 32 leading statesmen - and one accommodated up to 65 people. 
woman - stayed there. In morerecentyearsmany ~~ _ : 
prime ministers, such as the UK’s current leader 
Boris Johnson, chose to move into Number 11, 
where there is a more spacious flat. | 
Behind the famous, bomb-proof black door of10 
Downing Street isa mansion of around 100 rooms. 
The building’s purpose isn’t just to add comfort to 
the life of the prime minister, but to createa 
setting where some of the most important 


‘ | — 

: m was designe 

decisions can be made on behalf of the country. s state Dining we “a 
in 825 by Sir oe Soa 
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Hosting grand 
receptions 

This is the Pillared Room, 
which is used for the 
biggest receptions, 
including the signing of 
international agreements. 








— tS Sr ep 
SA ubare are iter shown the Pillared ans 


LNs “Room before they’re seated todine | 2 


DID YOU KNOW? Smog turned Downing Street's bricks black in the 1960s. It was later painted to preserve this iconic look 





The Blue, or Green, 

or Terracotta room 

Its name frequently changes as 
the walls are painted new colours. 
This space was initially used for 
dining in. 


db 
Until 1940, the White Room was used by 


prime ministers for privacy 


Enter the den 
Important decisions 
are often made in the 
prime minister’s 
meeting room, also 
referred to as the ‘den’. 


Not just Number 10 


Areas for errands 

At the back of the building are 
garden-facing rooms for 
Downing Street’s secretaries. 
These secretaries attend to the 
prime minister’s daily needs. 





It might often be referred to as 
Number 10, but the prime minister’s 
facilities actually cover more residences. 
OM ateWaateliamelelicellaleMat-s-m ol=\-1a mere) alarzvedkele Mm xe) 
id al=M oy-lor Quir-Taetar-Celavemy (Ulan) ole) am Mmm all (=) 
Number 9 and Number 12 are also in use. 
9 Downing Street is where press briefings 
take place. In the media room, the prime 
sali aliik=) am) cey-le(or-s-] am com dal=Mocelllalaa’ar-lace| 
the press. Number 12 is primarily used as 
offices for employees, and was 
traditionally home to the chief whip, who 
makes sure members of the political 
party attend and vote in parliament. 
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Appointments with 
the chancellor 

The chancellor has the option 
to live in Downing Street and 
is assigned this area to hold 
informal meetings. 


Luxurious living 
On the top floor there is a 
large flat where the prime 
minister can choose to live. 
es 





ii. The chancellor’s 
workplace 
This is where the chancellor 


works to track and control 
the country’s finances. 
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The weekly 
gathering 
Surrounded by 
sound-proof walls, the 
cabinet meets here on 
a weekly basis to 
discuss domestic and 
foreign affairs. 
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The Cabinet Room Tab boleres 


How It Works 113 














ECHNOLOGY 








116 12 Unbelievable 


inventions FAR 


126 Anatomy of a rock e_’ 
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What’s inside a fridge? 


132 Floating research 
laboratories 





How microchips are 
made 








How are houses built? 


How to stop a hurricane 
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How microchips 
are made 
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12 Unbelievable 
Inventions 
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THESE FAMOUS PRODUCTS WERE 
DESIGNED FOR ONE THING, BUT FOUND 
SUCCESS DOING SOMETHING ~ 

COMPLETELY DIFFERENT 


Ba. 


Words by Scott Dutfield 
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DID YOU KNOW? The Guinness Book of World Records once listed Teflon as the slipperiest substance on Earth 







































ome of the world’s greatest inventions and 
scientific discoveries were found by accident. 
For example, where would we be today if the 
discoverer of penicillin, Alexander Fleming, hadn't 
gone on holiday in 1928 and returned to find a fungus 
killing bacteria in his Petri dishes? 
History is awash with examples similar to Fleming’s 
unexpected discovery. Like the humble Post-it Note, 
which was created by Dr Spencer Silver in 1968. His 
° experiments with strong adhesives instead left 
\ him with a substance that lacked the grab of 
glue, but could stick to surfaces and peel away 
easily. Teflon is another product where a 
discovery was made by chance. In 1938, Dr 
Roy J. Plunkett was experimenting with 
different refrigerant gases, including 
tetrafluoroethylene (TFE). In one 
refrigerator the gas appeared to be 
missing, but upon further inspection, 
Plunkett found that the TFE had 
polymerised into a white powder called 
polytetrafluoroethylene (PTFE). This new 
substance was super slippery and hada 
high melting point, making it perfect for 
creating non-stick kitchenware. 
Some discoveries were made after an 
invention had already hit the supermarket 
) ty eae shelves. They’re proof that just because something is 
created for one purpose doesn’t mean it can’t be used 
more successfully for another. Here are some of the 
world’s most famous products with the most 
surprising origin stories. 




















The story goes that the Slinky’s inventor, Richard 
T. James, first discovered the recreational use of 
the metal spring while working as a naval 
battleship engineer during the early 1940s. 
James was developing coils of metal called 
tension springs that were used on ocean vessels 
to hold onboard equipment in place. While 
working at his desk, one of these springs fell and 
began to ‘walk’. Seeing the potential to market 
the tension spring asa toy, he took the idea home 
to his wife Betty, who named it the Slinky after 
looking through a dictionary. 

In 1945 James perfected the design of the 
Slinky, which consisted of approximately 24 
metres of wire coiled into a helical five- 
centimetre-tall spring. The following year, James 
filed a patent for a machine that could makea 
Slinky in just ten seconds. The Slinky went on to 
become the must-have toy of the mid to late 20th 
century, and in 2000 was inducted into the 
National Toy Hall of Fame, having sold more than 
250 million units. 


How this famous spring 
walks down stairs 


Inertia 

Sitting at the top of the 
Stairs, a Slinky’s state 
remains unchanged and 
it will not move, like all 
objects that are not being 
moved by other forces. 


First step 

When the Slinky is knocked 
off the first step, gravity 
acts upon the coil, and any 
potential or stored energy in 
the previously inert Slinky is 
converted to kinetic energy. 


Speed 

The mass and length of the Slinky’s metal 
and the height of each step will affect the 
speed that it walks down the stairs. The 
steeper the step, the faster a Slinky travels. 
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Forces at play 
Gravity is the main force 
acting upon the Slinky as 
it ‘walks’ down the stairs. 


Transference of energy 
With each step the Slinky takes, 
energy is transferred along the length 
of the coil in a compression wave, 
similar to how sound waves travel. 


© Ed Crooks 


In the kitchen drawers of 
countless homes around the 
world, you'll probably finda 
roll of cling film, or 
Cellophane. This clear roll of 
plastic has been around since 
1908, when Swiss chemist 
Jacques E. Brandenberger 
created a waterproof film 
intended for coating fabrics. 
The film appeared after 
Brandenberger applied a 
liquid viscose rayon on 
materials and then peeled 
away the transparent layer. 
He saw potential for this new 
material in the packaging 
industry, and so patented his 
creation ‘Cellophane’, named 
after the raw material 
cellulose - the main 
substance of plant cell walls 









» -anddiaphane, an obsolete 
word meaning transparent. . 
. 4 d . 
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DID YOU KNOW? In 20717, Hasbro trademarked the distinctive scent of Play-Doh 





Building bubble wrap 


How plastic is transformed from pellets into poppable packaging 





BUBBLE WRAP 










WALLPAPER 





Bubble wrap is synonymous with sending packages or 
protecting your precious belongings. However, in the 1950s 
you were more likely to see it covering your walls than 
crammed into a box. The idea for bubble wrap came from the 
minds of Alfred Fielding and Marc Chavannes, who made 
an attempt to create a textured wallpaper in 1957. Having 
heated two sheets of plastic shower curtain together, the 









Plastic pellets Heating up 
pair created a single sheet with several trapped air bubbles. Bubble wrap starts its life as pellets of The resin pellets are heated at 
The coinventors obtained several patents for their polyethylene resin. These are vacuumed temperatures over 260 degrees Celsius. The 
through pipes to an extruder. pellets melt as a result, forming a film. 





creation, making attempts to market it as wallpaper and 
even as greenhouse insulation, but bubble wrap never took 
off as an interior decoration. The two coinventors founded 
Sealed Air Corporation in 1960, and the following year 
diversified their product as a packing material, which soon 












found success. 
duly 28, 1964 M.A. CHAVANMES 3,142,599 > NY : 
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safely cushioned 







Sucking up Trapping air 

One layer of film is placed on a cylinder A second layer of plastic film is then 
coated with small holes. Using a vacuum, rolled on top of the vacuumed film to create 
the film is then sucked into the holes. a seal, trapping the air bubbles within. 













Cut to size 

The now-joined films are rolled into 
large sheets of bubble wrap and cut into 
smaller pieces. 







A patent diagram for bubble 
Wrap production 
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PLAY-DOH CLEANER 
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Around 318 million kilograms of Play-Doh has been 
squashed between the fingers of children around the world. 
But did you know that Play-Doh was initially invented asa 
cleaning tool, rather than a toy? The malleable material was 
created by Cincinnati-based cleaning company Kutol inthe 
early 1900s. Its intended use was to remove the soot from 
people’s wallpaper, which accumulated from coal-burning 
fireplaces. However, with the introduction of wipeable vinyl 
wallpaper and the increase in household oil, gas and 
electric heating, the need for Kutol’s putty quickly declined. 
Its rebranding was down to the sister-in-law of Kutol’s 
cofounder, who proposed that the putty’s non-toxic 
ingredients meant it would be perfect for playtime. 






Play-Doh is completely safe in the hands of children 
© Getty 
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Treadmills are 
much more 
user-friendly 


nowadays 


mo) ale 
TREADMILLS 


After gorging on a takeaway, hopping onto the 
treadmill in the morning may feel like atonement 
for a crime. But that’s exactly what treadmills 
were created for during the early 1800s. Examples 
of treadmill-like contraptions have been around 
since the Romans constructed large cranes 
powered by people walking on a wheel. But the 
modern-day article was conceived of in the 1800s. 
As acruel method of enforced exercise, the 
evolution of the treadmill began in 1818, when 
civil engineer William Cubitt created the 
treadwheel. It was intended not to improve the 
fitness of the public, but to punish prisoners. 
Installed into Brixton Prison, London, the 
treadwheel turned under the feet of up to 24 
prisoners, each stepping on the wooden slats of 
an elongated wheel. It included dividers so that 
prisoners could not socialise, and it could be ten 
hours before prison guards would let them off the 
torturous device. Although the invention of the 
treadwheel was initially designed asa 
punishment, over time prison officials put them 
to practical use to pump water or grind corn. 
It wasn’t until 1902 that the penal treadmills 
such as Cubitt’s creation were abolished in 
Britain, but treadmill technology continued to 


evolve for personal fitness. /) interacting with one another, 
+} penal treadmills were 
__| equipped with dividers, 
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BOTTLE OPENER 
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Resistance 

/ In some prisons, guards 

_ could alter the resistance of 

_ the wheel by opening large 

, panels called vanes. Closing 

» the vanes made it harder to 
turn the treadmill. 


Although the exact origin of the 
corkscrew remains unclear, it’s 
believed that its design was developed 
from ‘gun worms’. These military 
screws were commonly used in the 
1600s to extract trapped musket balls 





from the barrels of guns. The 
corkscrew-like devices would twist into 
the lead of the ball, allowing the soldier 


Yi 


a e ° 
so to swiftly remove it. 
It’s believed that this military kit 
| Se inspired the first generation of simple 
= om p 3 p 


wine ‘cork worms’. It wasn’t until 1795 
that a British clergyman, Reverend 
Samuel Henshall, filed the first patent 
for the corkscrew. 
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| - Hold on tight 

Handrails were 

placed along the 


» wheel to prevent 
= prisoners falling off. 
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_ | Prisoners spent at least six hours 


a day on treadwheels as part of 


would have equated to climbing 
around 4,260 metres vertically. 
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The first American penal treadmills were introduced to New York in 1822 











Treadwheel 
One giant wooden 
wheel worked as a 
rotating platform, 
with horizontal slats 
for prisoners to stand 
on. With each step 
the prisoners turned 
the wheel in unison. 


Source: Wiki/Hans555 





Chainsaws weren't made 
with trees in mind 






It’s now a household product 
around the world, but WD-40 was 
initially created to assist the 
aerospace industry as a rust- 
prevention solution. It took 
WD-40’s inventors, a company 
called Rocket Chemical Company, 
40 attempts to perfect this 
water-displacement formula, 
hence the name. It was used to coat 
the skin ofthe Atlas missile, the US 
Air Force’s first operational 
intercontinental ballistic missile 
(ICBM), to prevent it from corroding. 
Seeing its potential asa 
household product and a useful tool 
for car mechanics, WD-40 hit 
supermarket shelves in 1958. 
Although initially perfected in 1953, 
the same formula for WD-40 is still in 
use today. Now the iconic blue-and- 
yellow cans can be found in their 
millions around the world, andin 
2020 the revenue of WD-40 Company 
reached $408.5 million (£295 million). 


at 


aie “Beveled Jean 
turning rat 


© Alamy 





Chainsaws are pretty effective at ripping into wood, but 
back in the late-18th century, it was bone rather than bark 
that they tore through. The evolution of the chainsaw 
began between 1783 and 1785, when two Scottish doctors 
called John Aitken and James Jeffray invented the chain 
hand saw. This serrated link chain was used to 
successfully cut away diseased bone and remove afflicted 
joints such as the knee or elbow. Over time Aitken and 
Jeffray’s simplistic design was developed, and in 1830 
Bernhard Heine created a drive more reminiscent of the 
modern-day version. 

Known as the chain osteotome, Heine's device also used 
a serrated chain, but included a handle mechanism. It 
worked ina similar way to hand-powered rotary whisks, 
but instead of beating eggs, it could precisely cut through 
bone quickly. The osteotome meant that surgeons could 
perform surgeries without the restrictions of bone 
splinters or damaging the surrounding tissue. 

The chainsaw’s move from bone to bark came about 
when American inventor Samuel J. Bens patented the first 
‘endless chainsaw’ in 1905. The stationary device consisted 
ofa large, looped, ‘endless’ secreted chain which was 
“furnished with driving power, such as a steam-engine, 
gas-engine or motor of any kind”. 


Y WD-40 can hold back 
rust from rockets 
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Other than providing a cool, 
refreshing oral feeling, Listerine 
was created to offer an 
antiseptic solution in the 
operating theatre. Named 
after its inventor Sir Joseph 
Lister, the founder of the 
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practice of antiseptic = ~, 
medicine, the alcohol- ' | . 
based formula was created "| — sane — ‘ 
in 1879 to remove disease- MANTIS E 

causing organisms and was a = | EPTIC 

good disinfectant for surgical Bp erste 


instruments. It was also used as a solution Seen (A sand wounds 


for treating wounds, curing dandruff and —lo keep teeth 
cleaning floors. Eventually dentists got hold Perse 
of Listerine and used it to improve oral ~as a lotion 
hygiene in dental patients. In the 1920s, a atter shaving 


marketing campaign that branded 


Listerine the treatment for the relatively ST E R | N E 


unheard of ‘halitosis’, or bad breath, made a 
it the go-to mouthwash for the public. 


In the 1960s, pharmaceutical company Upjohn, to 80 per cent of hypertensive patients developed 
now part of Pfizer, created a new kind of an unusual side effect, called hypertrichosis. This 
medicine to treat hypertension (high blood condition results in excessive hair growth 
pressure). This medication was called minoxidil anywhere on the human body. Researchers 

and proved popular with clinicians, so muchso quickly found that minoxidil stimulates follicular 


that the US Food and Drug Administration (FDA) growth. As a result, in 1988 the new ‘Rogaine 2% 
approved it asan emergency protocol forseverely Minoxidil Solution for Men’ was introduced asa 
ill patients in 1971. It was later discovered that 60 prescription-only solution to hereditary hair loss. 





How your hair grows and how Minoxidil gives follicles a boost 


© Alamy 





Anagen Catagen Telogen Exogen Rogaine 

In the first stage of hair At this stage the hair follicle For around three months a In the shedding phase, the To tackle hair loss, typically 
growth, specialised cells shrinks, detaches from the hair will sit in this resting hair is discarded from your known as androgenic 
divide into cells that make up capillary loop and moves phase before moving on to body. Between 50 and 100 alopecia, minoxidil works to 
the shaft of a hair, receiving towards the skin’s surface. the exogen phase. hairs are shed from your prolong the anagen phase 
nutrients from a capillary body each day. and promotes regrowth via 
loop at the base of a follicle. the follicle capillary loop. 
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DID YOU KNOW? Coca-Cola once marketed itself as a potential replacement for morning coffee 








© Getty 


‘Arguably one of the most beloved 
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’ Secret ingredients and 











































colour: 0.17307% 
A secretive blend of natural flavours are 
Tit added. Besides coca extract, it’s 
i ) {) 1. speculated that this includes lots of 

| a natural oils, including those from nutmeg, 
lemon, coriander, cinnamon and orange. 
Coca-Cola Original uses a colourant called 
caramel 15QOd. This additive uses a 
combination of sulphite and ammonia 


THE MOOD 
BOOSTER 


carbonated drinks on the market, today 
Coca-Cola sells more than 1.9 billion 
servings, enjoyed in 200 countries every 


single day. The original recipe of the reactants to create its brownish colour. sas to the 
drink, however, would not be so well 44 creation of 
received these days. Sue SUEY the 
Coca-Cola began as a way for its refreshing taste of 7UP 
jetcvert-(olimecs-lcya (eevee ayelelacrane ( ne In 
tackle his dependence on morphine. He’d } oa 
1929, Charles Leiper 


been injured in the Battle of Columbus in | ‘¢ 
the late-19th century, and like many 
veterans, Pemberton became dependent on 
pain relief medicines such as morphine. 
Seeking an alternative to this addictive 
opiate, Pemberton came across a tonic called 
French Wine Coca, made by Parisian 
chemist Angelo Mariani. The tonic 
promised health rejuvenation 
from its Bordeaux wine and 
coca-leaf extract mixture. 
The energy-boosting effects of 
the drink were likely due to the 
presence of cocaine, the active 
ingredient in coca-leaf extract. 
Until 1914 cocaine was not illegal, 
and was often used in tonics and 
pills to treat a myriad of medical 
conditions causing nausea, 
asthma and constipation. 
Pemberton created his version 
of the wine to sell commercially, 
but a local prohibition law in 1887 
saw quick removal of the tonic 
because of its alcoholic content. 
Quickly reformulating the popular 


J Grigg created a new 
lemon-flavoured drink 

called ‘Bib-Label Lithiated 
Lemon-Lime soda’. The 
formula for the drink 
contained lithium, which 
continues to be used asa 
mood enhancer to treat 
conditions such as depression 
WelemoyioxeyecDaenteyae(:) amyl Op am abls 
supermarket shelves only two 
weeks after the American 
stock market crash in 1929 
and the start of the Great 
Depression. Lithium was 
removed from 7UP’s recipe in 
1948 following a government 
ban in America of its use in 
soft drinks. 


Energy boost: fui 
0.00972% . 
In a standard can of 
Coca-Cola there is 
around 34 milligrams py 
of caffeine. However, 
in the diet version this 
amount rises to 

46 milligrams. 


Acidity: 
0.1719% 
To add tartness, 
Coca-Cola includes a 
small amount of 
phosphoric acid. 
However, this acid 
wreaks havoc on the 
8 enamel of your teeth. 


Takite(= 
Coca-Cola 


Take a look at what’s inside rer 
classic red bottle “> 






en (0) fe Mole-lalellaremiclawAClomant-la.cciaiare 
fem ke) mn dat=MYVaare)(-MiclaaviNy 


" , eee weet taste: 
. a 10.8% 
| In around half a litre 
f& of Coca-Cola there is 





beverage, Pemberton substituted 
the drink’s alcohol content, 
replacing it with sugar syrup and 
eYelotuetemercbrcbelsto ele em (coltceoelels 
extract. The coca-leaf extract 
remained in the beverage, and the 
babel @orsrer-biels 
completely 
cocaine-free in 
1929, when 
scientists 
removed the 
psychoactive 
components of 


This “INTELLECTUAL 


" COCA-COLA 


| "SYRUP » AND « EXTRACT. 


| For Soda Water and other Carbonated Beverages. 


Denk contains the valuable Tonic and Nerve STIM- 
ULANT properties of the Coca plant and Cola (or Kola) 
nuts, and makes not only a delicious, exhilarating, 










\ MMe approximately 65 
j grams of sugar. 


FIZZ: ~89% 
Around 90 per 
cent of Coca-Cola 
is water, which 
has been pumped 
with purified 
carbon dioxide to 


Beverace” and TEMPERANCE =o 
give it its fizz. 


refreshing and invigorating Beverage, (dispensed from 


the leaf extract. 


the soda water fountain or in other carbonated bever- 


ages), but a ‘valuable Brain Tonic, and a cure for all 
nervous affections — Sick HEAD-ACHE, NEURALGIA, 
Hysteria, MELANCHOLY, &c. 


The peculiar flavor of COCA-COLA delights every 
palate; it is dispensed from the soda fountain in seme 
manner us any of the fruit syrups. 


‘Oxolor- ba Ore) F- home) ale] fare] 
recipe was a 
(oxeler-}lal=mereler .amre]| 


eS Chemist, ss 
Sole Proprietor, Atlanta, Ga. 


Source: Wiki/unknown 
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A significant 
fraction 
of all Listerine claims its mouthwash can 
beverages kill nearly all germs in your mouth 
consumed 
around the 
world are 
Coca-Cola There are 
a products more than 


50 colours of 
ge 


A If you were to drink a different Coca-Cola product | | 


every day, it would take you over nine years ) y’ @ 


In’2oos, fingerprints 
If every drop of Coca-Cola ever pressed into-P} au als)p 


made was bottled and stacked, the idfool th Tah ee 
tower would reach the Moon and ~— COUIC Foo! the Majorityo 


back over 2,000 times fingerprint Scanners 


Ali 
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DID YOU KNOW? The first English patent to be granted was | 


on UP 





The record number 
of steps a Slinky 
has descended 





10 
4,000 






iIn1449 for g method of glass production 





6.99 
METRES LONG 
1.63 


aes 











e number of \ 





he ie ag | 
votations | chainsaw’ \ 
chain beet Ree ‘Big Gus’ is the largest 
minu » > working chainsaw in 


When fully extended, the 
largest Slinky on Earth Is as tall 
as a nine-storey building 






‘of 400 Slinkies 
sold out in just 


90 minutes 





The record speed forrunning 
100 miles on a treadmill 













The initial run. 








the world — wt 


One estimate says that it would take several dozen 
sheets of bubble wrap for you to survive a six-storey fall 


The record for the most 
people popping bubble 
wrap simultaneously 
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Explore the advanced sound technology 
and special effects that keep live music 
audiences wanting more 


Words by Ailsa Harvey 
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The first-ever live rock concert, the Moondog Coronation Ball, took place in 1952 


o recording can replace the experience A band’s Drums 
of standing before your favourite The role of the drummer is to set 


|_| 
the rhythm. Drums and cymbals 
loys Dalommcii ea celepele(sroMoyimrit-behimueteletcr-velels equipment ee shi caine ieanas 
of like-minded fans as you shout back the What instruments can you foot pedal to set the beat. Aside 
lyrics in time with the performers. For many, expect to see on stage? from keeping time, the drummer 
. 4 : can add creative improvisation 
the unique sound ofa live gig helps them to Seteaeioaicalan ois ) 
connect with their idols. With less autotune : 
. } ' a Microphone 
and editing to hide behind, the authenticity Held by the singer or attached to a 
of the raw music is often more appreciated. stand, the microphone amplifies the 
T ill sound slightly different to the vocals of any performer. This is vital 


ee) one to balance the volume of quiet 
igs you know inside out,asan vocals with louder instruments. 




















Bass guitar 

A bass guitar plays 
about an octave 
lower than a standard 
» guitar. The bassist 
acts as a link between 
the rhythmic and 
melodic components 
of the band. 





Lead guitar 
The lead guitar is 






usually an electric < 

Amplifier one. This is used to 5 

; = For electric instruments, amplifiers convert the electric play the melodies of a 2 

d the scenes. This might i signals produced into a high-power replica. The loud sound song and is often B 
produced is played to the arena through concert speakers. used for guitar solos. 


lights flashing in time w 
xplosions of smoke or fit 
* 
asong or changing the colo 


Migbolemucrelevalo)Coy-atmaet-lmertels 
enhances their performance é 
ore memorable for the 
ven though the sound is being 
ands have experimented with 
rding studio on stage in the 
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© Getty 


5 WAYS IO 
LIGHT THE 
SHOW 


Spotlights 
These focus strong light directly 
onto a performer. Often manually 
controlled, spotlights allow 
performers to 
remain visible 
to the audience 
and also work 
to add contrast 
when other 
lights are 
dimmed. 


Lasers 
and strobes 
Flashing strobe lights and the 
flickering narrow beams of lasers 
can add a dramatic dynamic to a 
rock concert 
stage. Fog 
machines 
provide 
particles to 
scatter the light 
in, making the 
razor-sharp 
light visible. 


LEDs 
These are popular, cheap lights 
that can project a range of colours 
onto a stage. 
They are also 
relatively 
energy- 
efficient, using 
less power and 
producing less 
heat than other 
lighting options. 


Floodlights 
These lights are similar 
to spotlights 
but cover a 
larger area. 
When they 
illuminate the 
entire stage, it’s 
called a wash. 


Ellipsoidal 
reflector 
spotlight (ERS) 
The ERS is a spotlight with added 
special effects. The shape of 
the light can 
be changed 
and unlimited 
light patterns 
can be added to 
its projection. 
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Haze 

Haze machines vaporise water 
and glycerin-based fluids. As 
this vapour escapes the 
machine, it hits the cold air and 
condenses to form fog. 





Take a tour of some oO 
technology enhancing heme liek 


Motion graphic 
technology 

The entire back wall of a stage is 
often a large digital screen. In 
some cases, a transfixing 
animation will move in time to the 
music, connecting the crowd's 
visual senses with the sound. 


Pyrotechnic chemistry 
Violent yet controlled fiery 
explosions are bound to turn any 
rock concert into an elaborate 
spectacle. Small amounts of a 

_ flammable material, such as 

- powdered aluminium, are brought 

_ into contact with fuel and an oxidiser, 

such as nitrate, in a cigarette-sized 
tube to form this reaction. 


Crowd syncing 

The crowd can also be utilised for 
lighting effects. Many events 
involve wearing a wristband for 
access. These may have lights 
inside that can be programmed 
to flash in syne with the music. 


Fog mach 

Primarily used tc 
create a visual effect 
while haze machines. 
help lights and lasers 
be seen better 











DID YOU KNOW? The biggest rock concert in history had 4.2 million peaple in the crowd watching Rod Stewart perform 


Truss 
Made of metal triangles to distribute the 
weight, these structures are designed 


for lights and other equipment to be 
attached to. Sometimes the entire stage 
is constructed of trusses. 


Sound system 
The crowd has come to hear a 
band perform their music, and 


so sound quality is vital. The 
size and output of the speakers 
will vary based on the location. 








Crowd control 
Infrared cameras and other 
sensors can detect the most 
populated areas of a crowd so 


security can intervene before 
danger arises. Wearable tech such 
as radio-frequency identification 
tags in wristbands can convey 
data of a crowd’s movements. 
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Inside an 
ERS light 


The popular ellipsoidal reflector 
spotlight is incredibly versatile 


Attachment area 
This handle is where the ERS 
attaches to the top or side 
of the stage. Once secured, 
the angle can be adjusted. 


Shutter closure 

Adjusting the shutters - by pulling 
them in or out - alters the size of the 
gap that the light can shine through, 
and therefore the light’s width. 


, 


d, 


= - : 


Focus adjustment 
Depending on whether the 
concert requires defined light 
or a subtle, atmospheric hue, 
turning this bolt can make 
the light softer or sharper. 


Adding colour 

At the front of the light, a 
coloured gel can be placed into 
a slot. These are quick and 
easy to slide in and replace. 


This audience has wristbands that are 
fo) ele |g-janlaatcrem com i(e|almme)|om-|maalcmcr-]aal-malaatey 


utilising thetrowd’s arm movement r 

| © Getty sd 
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Light source 

Screwed into the back 
compartment is a lamp. This 
bright light has four filaments 
to increase efficiency. 


Shadow effects 
Templates with a variety of 
patterns slide into this section. 
When the light shines through 
them from the back of the 
device towards the lenses at 
the front, the template creates 
shadows that project patterns 
onto the stage. 


HSE Z4D 


SCAN HERE 
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lustration by © Adrian Mann 
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A refrigerator uses around ten per cent of the total electricity Consumed in an average household 
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TECHNOLOGY 





THESE GROUNDBREAKING 





OCEAN-GOING VESSELS WERE — — << 
DESIGNED TO UNCOVER THE CEO - 
MYSTERIES OF THE DEEP Ne 
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* The seafaring Cityof 
| Meriens was designed: __ 

rTeole are) at = Me) dat =Weer-1-10 ks o Pg .*) 
ina yey=1 ma g=xerele]alisy-]0) (=e be eee ape 2 5 
creatures: the mantaray TT Bee : 


Mae Fay City of Meriens 


Yay LO] gd oli x=) am l-jala mds Mela ivmelgelelatelo)azt-L dare) 
reCst-afelaminelaamaat=manlinveme)mer-lexelU(=t-) 

Cole fet=)a (Mam Ma=mOliatae) mY (=) a(2) alm icme(=t-tlelatqve 
ico ol-Marelaelialem(=s-s-Muar-lam-Mmiley-idiare mela’ 
aaler-F-Jelalarem-Meller-|ala(eme 010M aai=iug-s- o)'arol 010) 
aal=idg=t-wr-laremaleleijiaremelomnomaelele) 
scientists and students from around 

the world. 

DY =x-yfelarzvemiamaat=Mlaatsle(-Melm-Melt-lalmaar-lales| 
eh’ UT | Moxelantemexe (elle) orvemuida Mt] es 
classrooms, lecture theatres, living 
quarters and areas for leisure activities 
and sports, making it a long-term place to 
TAVeW-laremnola @iame)ge(=) au comr-lelliie-lc=) 
research projects. 

The design was picked for its ability to 
withstand harsh sea conditions, with 
most of its mass being below the water 
to help keep it steady. At its centre will be 
a large ‘lagoon’, where vessels such as 
id ats Wot=r- [0] go]i k=) mroxelel(eme(oler eam Mal) a-M-]q-Male) 
plans to build the city yet, but if it ever 
takes to sea it would mark a new era in 
ocean research. 


DID YOU KNOW? NASA has an underwater facility off the coast of Florida to help prepare astronauts for space 





1 Boat storage 
Smaller research craft 
are kept here when not 
being used. 
2 Upper deck 
This area is where 
the engine rooms P 
and storage facilities yf 
are located. 
4 Command bridge 
The central hub of the vessel is where 
all ship operations are controlled. 
6 Sleeping area 
The captain’s room and 
bunk areas for the rest of , 3 Diving room 
the crew are located here. a veel This section is a scientific 
wet lab and diving room. 
5 Multidisciplinary lab 
This modular area is where you will 
find the medical zone and fitness area. 
4“ 


: = 
se a, 


7 Communications area 
This section is below the waves and 
contains communications and 
sanitation areas. 


8 Underwater | 
research area 
Pressurised living quarters, an 
underwater garage anda 

diving zone make this the hub 
of underwater operations. | 

















Anatomy 
of Proteus 


aM arsw e)ne) eleysi-160| 
underwater research 
Jom cmaxel0] |e) o\-\e mie) alii= 
beneath the waves 


Support craft 
Underwater vessels will 
be able to dock with the 
lab for supply runs and 
to transport crew. 


Pod design 

The pods around the sides 
will contain crew quarters, 
labs and medical bays. 


Underwater working 
Divers will be able to stay 
underwater for days and weeks 
at a time, as they will not have 
to acclimatise before returning 
to the surface. 


© Jacques Rougerie 


Work ona 
smaller scale was 
also carried out. 
The Norwegian 
WED obotem Karel abete)Ceyeats 
Research Institute 
MARINTEK conducted 
tank tests with a 1:15 scale 
model. Advanced theoretical 
studies and hydrodynamic tests were 
carried out to improve SeaOrbiter’s 


seakeeping performance and to optimise its 
behaviour in waves and wind. But despite 
what appeared from the outside to be steady 
progress, as of today there is still no sign of 
any further work being carried out. While 
mystery may surround the apparent lack of 


further progress on the vessel, projects to 
uncover the secrets of our oceans have 
continued apace. 

One such development is the Proteus 


Jo) fo) (re wm DY ep eed Cero m com olee-brmieeleCanicicy at-lep 
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Unique design 


Proteus will have a 
spiral design spanning 
370 square metres. 



















the goal of its 

developers is for it 
to become an 
underwater version 
of the International 
Space Station (ISS). 
The undersea laboratory 
will be a 370-square-metre 
structure that can bea home for 

up to 12 people at a time - but that could 

just be the start. Like the ISS, Proteus is 
designed to be modular in nature, so more 
pieces could be added as time goes by, 
making it even bigger. 

Proteus will feature a two-storey circular 
structure fastened to the ocean floor on stilts, 
with protruding pods that house labs, living 
quarters, medical bays and a ‘moon pool’-a 
hatch where divers can access the ocean 
floor. When constructed, it will sit on the 
seafloor about 18 metres below the surface off 
the island of Curacao in the Caribbean Ocean. 


ISS of the sea 


Proteus is designed to 


follow a modular layout 
like the International 
Space Station (ISS). 





Stilts for stability 


The stilts will ground the base 


to the seafloor so it can 
withstand ocean currents. 





Once in place, it will allow scientists to dive 
and work for longer without having to return 
to the surface. 

Power for the station is expected to come 
from solar energy and the movement of the 
ocean. It may also have what is thought to be 
the first underwater greenhouse in the world, 
enabling the lab’s crew to grow some of their 
own food. 

In some ways, working beneath the ocean 
is every bit as challenging as working in 
space. Diving takes a toll on the human body 
because when it is underwater, pressure 
causes nitrogen in the lungs to dissolve into 
the body. The longer a diver is underwater, 
the greater the build-up of nitrogen. 

If a diver comes back to the surface too 
quickly, the nitrogen can form bubbles in 
their blood, which can make them extremely 
ill and confused, known as ‘the bends’. To 
stop it happening, divers have to slowly come 
back to the surface while they gradually 





DID YOU KNOW? An incredible 94 per cent of all living creatures on Earth call the oceans their home 
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SeaOrbiter designer 
Jacques Rougerie Is a 
French architect and 
oceanographer who 
specialises in underwater 


habitats. How it Works 
speaks to him about 
SeaOrbiter’s future and his 
thoughts on the future of 
ocean exploration 


The SeaOrbiter project is in no way 
stopped, especially since it is increasingly 
anchored in major current issues on 
climate and ocean biodiversity. It is more 
relevant than ever. However, the 
Talmeiear-ia(elar-|mciiaer-la(elamele(-mnomaat=) 
coronavirus has slowed down the search 
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SeaOrbiter is the synthesis of 30 years’ of 
experiences related to the realisation and 
the experimentation of underwater 
habitats that we have carried out, such as 
the underwater houses Galathée, 

alle) oXexer-lan)oX=me)myaCelUr-lelelil(=Mme) am da=) 
semi-submersible vessels with 
transparent hulls like Aquascope and 
Aquaspace that we have also made. 

Given the specificity of the SeaOrbiter 
re) molele-laameement-liait-liamelas\)-mke) am (elale| 
ol=Vaolek-me) mal gat=Melale(c)mnael=Melguaulale B-y:t- P= 
started with a concept of biomimetic 
architecture: this vessel is vertical, like a 
Lali e) exefer-an)oleimley-] ame) imadal=mo)e-lia 
Fl-s-foredf-iktemuidaM(st-leallavem-lalemantsonel avd 


The different submarines or underwater 
research boats around the world are not 
able to do what SeaOrbiter does: an 
international base that allows a crew to 
constantly observe and listen under the 
sea and which is able to exit directly 
underwater at any time. 


Mi at-]e)e\-1pmcom ela @-\-w-lam-| een likeCerm in 
collaboration with Fabien Cousteau on 
Proteus, which is a magnificent project 
ico) mr-]amlalcslaatsla(e)at-] map ccvemciele)eat-la late 
station. It is a research base with 

V2) g-F-] 0 | (=o) cole] er] an t-m meme (=\1(21 (0) ol i Lolerst-] ale 
friendly] Blue Society on the scale of The 
Blue Planet. 
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How microchips 
are made 


These tiny, silicon devices 
power the modern world 


rom the mobile phone in your pocket to 

the computers that make spaceflight 

possible, virtually no piece of modern 
electronic equipment would function without 
the humble microchip. Also called achip,a 
computer chip, an integrated circuit orIC,a 
microchip is just a set of electronic circuits on 
asmall, flat piece of silicon. 

Sitting on top of the chip are components 
called transistors, which act like tiny electrical 
switches that can turna current on or off. You 
can fita huge amount of transistors ona chip, 
with one the size ofa fingernail containing 
billions of them. The chips themselves are made 
from silicon, which is in turn made from a type of 
sand called silica. The sand, which is made from 
silicon dioxide, is melted down and cast to forma 
big cylinder known as an ingot, which is then 
sliced up. 

A layer of silicon dioxide is grown on the 
surface, which is covered with a photosensitive 
chemical and exposed to ultraviolet light that’s 
shone through a patterned plate, or ‘mask’, that 
kind of acts like a stencil. This hardens the areas 
exposed to the light. These hardened bits then 
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get stripped away, leaving a three-dimensional 
landscape on the chip that looks just like the 
original circuit design on the mask. Wiring and 
transistor components are then built onto it. 
There are two main types of microchip: 
memory chips store information, while logic 
chips function as the brains of electronic devices. 
In 2019 more than 634 billion chips were 
manufactured around the world as part ofan 
industry worth £410 billion ($567 billion) a year. 


rkers in China on 
oy e)geyelU(eid(oamliats) 
of silicon wafers 


Robert Noyce was one of 
1d vow ol eel lakcmel-vallaremuats 
faatexel=laamanlioigeleral|® 


But the last year or so has seen a shortage of 
chips, as manufacturing slowed during the 
coronavirus pandemic. Changing consumer 
habits mean there’s also been a spike in demand 
for electronic devices. 
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Intel estimates that it ships 10,000,000,000,000,000,000 [10 quintillion) transistors every year 
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Forging a microchip 


The industrial process that produces the integrated circuit is well-established 


Making wafers Masking Etching 

Silicon crystals are grown into Wafers are heated to coat A chemical is used to remove 
long cylinders, which are sliced them in silicon dioxide. Ultraviolet the photoresist, making a template 
into ‘wafers’. These can then be light is then used to add a hard pattern which shows where to put 
cut into chips. ys layer called photoresist. n-type and p-type silicon. 


<q 





Doping Testing Packaging 

The etched wafers are Long metal connection leads The working chips are cut 
heated with gases to make areas run from a testing machine to the out of the wafer and packaged 
of n-type and p-type silicon. More terminals on each chip. Any chips into protective plastic, ready to 
masking and etching may follow. that don’t work are rejected. be used. 
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Smaller and smaller 

When integrated circuits were 
created you could only fit one 
transistor, three resistors and a 
compactor on one the size of your 
middle finger; now you can fit 125 
million transistors. 


Calculating success 

Jack Kilby is also well known as 
the inventor of the portable 
calculator, which he created in 
1967. In 1970 he was awarded the 
National Medal of Science. 


Famous founder 

As well as having the idea for 
the microchip, in 1968 Robert 
Noyce also founded Intel, the 
company responsible for the 
invention of the microprocessor. 


Abundant substance 

The building block of chips, 
silicon, is one of the most common 
substances on the planet. It is 
found in minerals that make up 90 
per cent of Earth’s crust. 


The world’s purest 

The purest silicon is found 
in quartz rock, and the purest 
quartz in the world comes from 
a quarry near Spruce Pine in 
North Carolina. 


“In 2019 more than 634 billion 
chips were manufactured 
ground the world” 
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Words by Ailsa Harvey 


he oldest known civilisations first 

cropped up over 5,000 years ago. As these 

communities began settling in one area, 
they gathered the materials around them to 
create long-lasting shelters. Millennia have 
passed, and today we use a growing abundance 
of materials, including bricks and cement, to 
build the best possible homes that stand the test 
of time. But what processes are used today to 
place a roof over our heads? 

You can no longer gather the materials and 
build a house wherever you please. Before you 
can start any work that includes building new 
houses, making significant changes to your 
home or changing the primary use ofa building, 
planning permission needs to be obtained. This 
prevents houses appearing without notice 
where they could invade the privacy of other 
home owners, drastically increase traffic or 
reduce habitats in protected areas. Requests are 
sent to local councils, often with the help of 
architects and planning consultants. 

When building eventually commences, 
workers on construction sites analyse small 
details carefully. From the area ofa plot to the 
measurements of a house’s frame, greater 
accuracy improves building times and makes 
the environment safer for construction and 
living. Each person on site has been trained in 
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HOW ARE 
HOUSES BUILT? 





specific roles, and asa team their specialised 
skills combine to produce the highest quality 
buildings. Each successful build is not merely 
another structure added to the landscape, but a 
personal space for someone to call home. Around 
90 per cent of our time is now spent inside, and 
70 per cent of this takes place within the walls of 
our own homes. Being used as areas to both 
work and wind down, we need houses to be built 
to the highest standards to keep us safe and 
comfortable every day. 


“Each person on site 
has been trained in 
specific roles” 





A frame is built first to 


create the roof’s shape 
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123,151 new homes were built in the UK during 2020 





IMPORTANT 
ROLES 


Many different people with specialised skills work 
together to construct a home 








° < There are still more than 60,000 
>" thatched roofs in the UK today 
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THE 
BUILDING 
PROCESS 


How materials are manipulated and combined 
to form strong, safe houses 








Framing 

A wooden skeleton is created to 
act as a vertical building guide. 
Pieces of the frame are securely 
attached using metal strapping. 


Waterproofing 

A weather-resistant 
membrane is built beneath 
the bricks. This waterproof 
membrane covers every 
outer area of the house, 
including the surfaces of 
the foundations. 


Building exterior 
Brick walls and other chosen 
materials are used to build 
the presentational exterior. 
This includes design features 
such as balconies. 

it SEAN sree 
| Designing for 
fa power lines 
== 8 Holes are knocked into the 
concrete for power lines to 
@ be fed through. Pipes are 
placed around the cables 
= to protect them. 
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Watch a two-storey house being 
built in this two-minute video 
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Foundation excavation 
A trench with a depth of at least 
one metre is measured and dug out 
in the area allocated to the house. 








Clearing space 
Using bulldozers or other 


— — machines, the area is cleared 
ric ayl ng of trees, rocks and debris. 4 <<] 








Start at the corners Mix the mortar Lay bedding mortar Build brick pillars Lf E 
Place the first bricks at each To make the mortar, add five Place a line of mortar along the Add more mortar to the end of ra > © 
corner. After laying a few, you will parts sand to one part cement string line. This base should be the placed brick and press the st 

be able to place down a line to see if they and mix. Then add water to the centre around two centimetres thick. Place the next brick into contact to stick them \F 

have been aligned straight. until smooth but still compact. first brick onto the mortar. together. Build the wall up at the pillars. ¢ 


140 How It Works 







7 


a 
at 


pat 


Filling the space 
Starting at the corners, the 
bottom of the house’s walls are 
built to just above ground level. 
Then the remaining trench is 
filled with a concrete mixture. 


Steel frames can be used as a stronger 
and more durable alternative to wood 








© Getty 





“We need houses to 
be built to the highest 
standards * 


Preparing utilities 
The framework for electrical 
appliances, plumbing and 
sewerage can be added into 
the structure. This involves 
positioning wiring and pipes. 


— 


Designing interior 
The interior walls, flooring and 
other permanent structures 
such as cabinets are the last to 
be fitted, and only once the 
outer structure is complete. 


Installing footings 

At the very bottom of the trench, 
concrete slabs are placed. These 
are called footings, which follow 
the floor plan to support the 
house’s weight. 





Cut to size Keep pillars high _ 5 Add soldier course 

When an end requires a Keep the pillar height at least ll © A soldier course is when end 

smaller brick, use a bolster one level higher for stability. y— bricks are placed vertically 
chisel. Place the brick onits side | Place the centre of each brick over \a along the top edge of a wall. This can 
to create neat, precise cuts. the mortar bond of the bricks below. keep the wall looking tidy. 
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The Romans werent the first to use concrete, but were the first to use it for most construction work 








Finishing touches 
Use a rounded tool to scrape =—_f 
away any excess mortar. \ 





This will keep the sections between 


bricks looking smooth. 
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@ TECHNOLOGY 








Could this simple bubble technology reduce the destruction 
wreaked by these deadly natural disasters? 


he most recent hurricane season sawa 

brutal increase in both the strength and 

number of hurricanes emerging from the 
North Atlantic. Scientists have concluded that 
many more of these tropical storms are tearing 
apart homes and lives as they surge through 
towns because of the planet’s ever-warming 
conditions. We can all make changes inan 
attempt to reduce the long-term effects of climate 
change, but can any immediate action be taken 
to improve the situation between these killer 
hurricane seasons? 


|_| 
Bubble curtains 
a |_| 
in action 
How this storm-stopping 
technology could protect us 


Stable curtain 

The edges of the bubble curtain 
are weighted to achieve the 
desired depth, while a tension 
line keeps the pipe covering the 
maximum area. 





Mobhile system 

An alternative method is being 
worked on to attach the bubble 
tech to a vessel as a module, 
forming a curtain as it is pulled 
along under the surface. 
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OceanTherm is one company dedicated to 
answering this question. Because hurricanes 
feed off the heat from the ocean’s surface, one 
potential method that aims to calm these 
tropical storms - or even stop them in their 
tracks -is to cool the sea using bubble curtains. 
Bubble curtains are perforated pipes that stretch 
across the seas, below the surface. As the 
bubbles released from the pipe travel upwards to 
the surface, they bring the cooler water up from 
the deep to lower the temperature of the water at 
the surface. This technology isn’t new, but its 


How to stop a hurricane 


application in preventing tropical storms is. 
Currently, bubble curtains are used in Norway to 
produce the opposite effect - increasing the 
surface temperature. As the country’s freezing 
winters often lead to ice forming on the fjords, 
water hidden from the air’s chill is brought up 
from the depths to prevent it from freezing. 


“The bubbles from the 
pipe travel upwards to 
the surface” 









Cold bubbles 


Cold air rushes to the surface when 
released, bringing cooler water with 
it towards the surface. The ocean’s 
natural currents spread the bubbles 
to a wider area. 





S10] 0) 0)(-Mellla t= ats have bedi. ~ 
used in Norway for‘50 years 






Air supply 
The compressed air 
is delivered straight 
from the ship to the 
centre of the line. 













DID YOU KNOW? Arise in surface temperature of one degree can increase surrounding wind speeds by 2c miles an hour 





At temperatures below 
26 degrees Celsius, 

nel galore] avetomeor- lala mace) aan 
and begin to weaken 





Olav Hollingsaeter gained a 
master’s in computer science 
at the University of Bergen 
and served in the Norwegian 
Navy before developing his 
HEMmenenaline concept from the existing 
bubble curtain technology. 





© OceanTherm 


When did you come up with the idea to use this 
technology for hurricanes? 

Seeing the devastating damage caused by Hurricane Katrinain 
2005 motivated me. With 1,833 lives lostand enormous damage, 
we all asked ourselves: ‘How did this hurricane become so 
strong?’ The warm surface water was feeding the hurricane 


© Getty 





Heat distribution 


As the bubbles create movement, with energy, making it stronger. As an old submariner, I knew 
the upflow of cold air and water that the temperatures are colder deeper in the ocean column. I 
7 sa eae eee eee aw started to think about how to lift this cold water. 
_—.. < — - = it will be able to fuel hurricanes. 


How much impact could this have on global storms? 
Since hurricanes refuel their energy from the warm ocean 
surface and get an energy cut-off when the sea surface 
temperature is below 26.5 degrees Celsius, we feel confident 
that a colder surface layer could prevent tropical storms and 
hurricanes from increasing in strength - potentially also 
reducing their strength. This will have a considerable effect on 
their devastating impact. 


How sustainable is use of the bubble curtain worldwide? 
There is a significant climate footprint related to rebuilding 
after devastating hurricanes, and the flooding and rainfall that 
come asa result of these devastating storms bring significant 
pollution back out to the ocean. Preventing this will 
considerably benefit the climate in addition to saving lives and 
property. Studies need to assess the effect on the climate and 
surrounding ecosystems, but we don’t anticipate any negative 
consequences since the cooling is only temporary and very 
local. The climate footprint of the bubble curtain will be mostly 
related to the building of the systems and the use of energy 
when operating the system, which will only be when a tropical 
storm or a hurricane is coming into an area. 





What will make this technology most effective? 

The installation will be rather large, including a submerged 
and moored bubble tube at about 100 metres below the sea 
surface. To our knowledge, the bubble curtain has never been 





nature, by lowering the sea surface temperature, to help us by 
spreading out the effect with the help of ocean currents. 





Fixed method % applied at these depths and in the scale that is necessary for 
Zz e e e e e 
a ee When used between two land masses, > hurricane prevention. Ocean currents will be the true engine in 

Perforated pipe the bubble Curtain can be installed as 3, the system, making sure the cooling effect spreads to a larger 
Placed in colder depths, the pipes a fixed system. Although permanently ie a ; 
are filled with compressed air in place, air will only be passed ‘ area. This is necessary in order to have an effect, and really the 
that is released through holes on through the pipe when hurricanes are S key to our technology. We help nature to help us. We help 
aluminium rings. likely to occur in the area. S 
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How to build a 
warship 
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he UK has been known for the strength 

of its Royal Navy for hundreds of years, 

and that’s unlikely to change any time 
Tole) aba Melee) ect bevict-laloeWetckm-yieler-Vaccomeyom| 
program of shipbuilding that’s going to 
modernise its current fleet. It’s an expensive, 
long-term undertaking, but the Navy is 
certain that its new Type 26 and Type 31 
vessels are going to be crucial - and 
successful - when it comes to maintaining the 
UK’s status as a leading global force. It’s not 
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BUILD A 





just about keeping the Royal Navy on top 
when it comes to military hardware, either. 
WW eTeBUE atmo) coniste(scmolepert-Veble-Del-bim- Lio tie- piles) 
during natural disasters, protects trade 
interests and supports the UK’s international 
relationships. It’s a broad list of tasks, and 
new equipment is needed to get these jobs 
done in the coming decades. 

Alongside the carriers in the modern Royal 
Navy area range of ships of various sizes, 
including aircraft carriers and destroyers 


The smaller Type 31 frigate is constructed from more than 170 units, and each weighs as much as 15 cars 


ready to carry out a wide range of duties 
around the world, wherever the country 
needs them. Among them are the frigates, the 
most populous major warship in the fleet, 
capable of undertaking virtually every kind 
of mission around the world. They’re the 
Royal Navy’s workhorses. 

In addition to these core ship classes you'll 
find several support vehicles — from fuel 
tankers to patrol boats - and the medical 
vessel RFA Argus. That doesn’t just mean that 


ee 


the Royal Navy needs a large, versatile fleet 
-—it means that the organisation needs to stay 
on top of the latest technology in order to 
maintain its position as one of the world’s 
best naval forces. 

This is where the Type 26 and Type 31 
frigates come in. The Royal Navy is currently 
in the middle of building these incredible 
new vessels, and they've been designed to 
replace the existing Type 23 frigate, otherwise 
known as the Duke class of ships. 
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These ship upgrades have been planned fora 
long time. The seeds for the Type 26 were sown 
way back in 1998, and there were many different 
designs and plans. But in 2010 things progressed 
in a big way. The Type 26 emerged froma 
government defence review and was also 
described as the Global Combat Ship, with the 
Ministry of Defence intending to produce ships 
for the Royal Navy and for export to other 
countries. It’s no wonder that this process takes 
such along time when you consider that they are 
designed to form part ofa naval fleet for 
decades. Nothing can be left to chance. 

At present, the Ministry of Defence is 
planning to deploy eight Type 26 vessels 
—two are currently under construction 
and one has been ordered, while five 
more are planned for the years 
following. Variants based on the 
Type 26 design are also being 
developed for the Royal 
Australian Navy and the Royal 
Canadian Navy, and there are 
partnerships in the works with 
navies from Brazil and New Zealand. 
The Type 31 also emerged from that 
government review in 2010, andthe 
Ministry of Defence is currently planning to 
order five of these general-purpose frigates. 


© BAE Systems 










TOP: Components like 
the bridge are built 
separately and then 
lowered onto the ship 


ABOVE LEFT: Specialist 
skills are needed to build 
frigates, So companies 
like BAE Systems, 

© BAE Systems Babcock and Rolls-Royce 
are contracted 


Let’s start with the Type 26 - the biggest and other weaponry, and it'll have an acoustically ABOVE RIGHT: These 


more expensive of the two new ships. It’s going dampened hull to make it harder for submarines Seales an 
were made In Wales 


to tackle a wide range oftasks that facethe Royal tospottheships. There’s a dizzying array of 
Navy now and inthe future. The newvessel will technology on board elsewhere, including sonar 


use a modular design that will enable it to be arrays, naval guns, gas turbines and electric 
built to differing configurations and to be more motors, alongside diesel generators and room for 
easily fitted with new componentsinthefuture. high-end Merlin and Wildcat helicopters. 

The Type 26 will have a 3D search radar, 48 It's a fearsome amount of kit, and these Type 
launching systems for air-defence missiles, 26 ships come witha suitably impressive list of 


anti-submarine rockets, anti-ship missiles and statistics. The Type 26 frigates will be called the 


SHIP-BUILDING SITES 


Most of the Type 26’s exterior building work is taking place at BAE Systems’ Ship 
Block and Outfit Hall at Govan in Glasgow, and BAE has invested more than £100 
million (about $135 million) in its facilities at Govan and Scotstoun to support the 
manufacturing program. Unsurprisingly, building ships like this is complicated, 
which means that several different facilities are being used. The Type 26’s individual 
modules are being constructed at a dedicated fabrication facility at the Govan 
shipyard, and the fore and aft sections of the ship will be built separately. Once 
they’re done, the two sections will actually leave the huge halls that are usually 
associated with shipbuilding, and they will be connected and then topped off with 
the funnels, mast and bridge while the vessel is outdoors. Unusually, that means 
that two-thirds of the Type 26’s construction time will be spent outside. where the first Type-26is being finished 


©Getty 
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The Type 26 relies on more than 25,000 metres of pipework and 600,000 metres of cabling to function 








BUILDING A 
BATTLESHIP 


Building a frigate like the HMS 
Glasgow is a complex process 


- 
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Piece by piece 

The first stage of the building 
process involves constructing parts of 
the ship in smaller sections —- modules 
that will house the ship’s various 
rooms, facilities and equipment. 


Joining forces 

Once the modules are built, 
they’re combined into the larger front 
and rear sections. These will leave the 
shipbuilding hall in Glasgow and sit 
bow aceelmeyanelcnrc-Kimelevelelbaren 








Building bridges 

The two halves of the Type 26 will 
jof-webalerombonelelaci(ol-nejuael= 
shipbuilding hall along with other 
components like the bridge and mast, The Type 26's anti-air 
which are constructed elsewhere. missiles travel at 

incredible speed 

Topping it off 

The fore and aft sections are 
s(oybetcre mueyexcinel-yem-belonuelcvennels 
(ofo} anh oXeyalsyeuecwelcccnmalcwest- lium ealorexer-vavel 
funnels are lifted onto the ship by 
(clcchelercbelembetsiesbd(cron 


Hitting the water 

Aspecial barge is used to move 
idaens) ob)once)eemnelcmeloleleJ(olce-belembelie 
the River Clyde, and it'll be towed to 
another shipyard for the internal kit 
to be fitted. 
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THE TYPE 31'S INNOVATIVE 
MANUFACTURING 


The Type 31 frigate shares its modular approach with the Type 26. This design strategy is a key 
part of the UK’s approach to shipbuilding, and it allows ship designs to be tweaked and 
upgraded - and sold to other countries. These smaller ships are being built by Babcock 
Taim=yaatelucevate]maclual=lanual-lamsy,\amo)’Zi0) 90 leitc] ale sto] ol exelel.@l omc) oL-Vale|l ale solOManliii(elamCclelelel my A@manllii(ela)) 
on a new hall to construct these vessels. Individual ship modules will be rolled into this new hall 
(o) a oX=)) in] ©) £0) OL=11 (Xe Nara] als) ole) aK) acoMm a aLe)’{=\e Ml] nike m oles) (e) amis) [ale mel e-laistow- ale mual=lal-|ar-lolalse mune melual=1e 


modules. Once the ship’s hull is complete, it will be moved outdoors so the mast, bridge and The Te 31 is etd in modules, just like 
other components can be fitted - just like the Type 26. the Type 26, for easier building 
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City class. These City-class ships will be 149.9 

metres long and have a displacement of 6,900 

tonnes - and that will increase to more than = just like the Type 26, but this 

8,000 tonnes once they're fully loaded. Those = alia alaas tela 

huge numbers mean that these vessels will be 

the length of one-and-a-half football pitches and 

weigh almost as much as the Eiffel Tower. The 

ships will have a range of 7,000 nautical miles 

and a standard crew complement of 157 that can 

be increased to a maximum of 208. = = - eT = characteristics 
The first Type 26 is called the HMS Glasgow in a ee ee SS ee, The front of the Type 31 

honour of the city where it’s being built. The next - Pe SSS ee features a bridge, ops 

two frigates will be called HMS Cardiff and HMS 9 hee ne ee Sone 

Belfast, and the five that are planned beyond ele aa Flight hangar 

that are also going to be named after other cities el aa Me ice ene : 

inthe UK. The innovative modular design is fl rea but they’re ! 

already paying off. Australia’s vessels will be smaller on the Type 31. 

called the Hunter class. They’re going to be ™ aT 

heavier and support a larger crew than the UK’s ¥ 


= i ee 
ships, with a different array of guns. The | E N Fé W eis -- {i— 
Canadian Surface Combatant ship will bea little a “Pie vgn, 
longer than the other two, with different sensor 5 3 
systems and weapons and an even larger crew. 
“THENAVY'S [Qe EEN Sn 
Ni EW FRI G ATES The new frigates are packed with 
impressive hardware 
ARE IMPRESSIVE, 
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Sonar 

The bow of the ship deploys a 
submarine-detecting sonar system that 
can scan the ocean for miles around. 


In control 

The ship is commanded from the 

bridge and the operations room. 

An open architecture means that 
—. upgrades are easier. 


miles 
The Type 26's Right on target 
fe)i exe\iVe)d a elel (em oe) The 12.7-centimetre gun has a 


three-times taller than range of 20 nautical miles, 
Mount Everest if and could be used with smart 


Sixelelemeleyatelais ammunition in the future. 
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The Type 26 frigate has a top speed of more than 26 knots; the Type 31 can reach speeds of over 28 knots 





World-leading 

» versatility 

| All sorts of hardware can 
be stored in the mission 
bay, from boats and 
vehicles to supplies for Y Al as \ 
disaster relief. We gala \ ES 


t 
i ilies. 
= 
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iM arsmofroys Kolalavcmuelac)[almicmey-liacve mites) (s\eilale 
fagle) Ke) g-m-]ale mel (=s-1-] mele) alcle-]ke) as) 


— QUIET, FAST AND 
weapons FUNCTIONAL 


sophisticated anti-air 
defence systems, and 
its radar offers | 


(OVal=Me) imu a(=Wm bY 0X-WAcw—m a nt-]lamielalerd(elalom lcm nom ore) pal ey-]mnal= 
threat of submarine attacks, and that means this 
a dnrivalled protection fer frigate needs a unique set of technologies. The 
H detecting threats and threat of underwater attack means that the 

jamming cyber attacks. propulsion system has been designed with stealth in 

3 mind, so the vessel’s Rolls-Royce MT30 gas turbine 

Smexe)anle)iarsve mud ital=)(=1o1 ud (om ane) ke) gom kom a-\e 0 [er-M ale) [-i-8 
Elsewhere, the Type 26 has special pipework, 
shock-resistant mounting and acoustic enclosures to 
gexe]0(ox=W ale) [cx-am Wale al6l] Mics) are] ele\e mel arom ialsxemlame)ae(-lanne) 
rr a? (ol 0] a o-[ol ke) am ale)ii-eleiu 00) mm colom-\| Me)muat=tox>) 







features combine to make the Type 26 
quieter and stealthier than any Navy 
ship before it - important when 
ms (o(=VieVarel ave melamaatcm alle] smciot-)oe 
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TYPE 26 
FRIGATES Air and sea options 
WILL BE BASED At the rear is a flight deck, which 
AT HMNB lirik onerroli 
DEVONPORT, 
PLYMOUTH, IN 
SOUTHWEST 
ENGLAND 





Silent sailing 
s The frigate is powered by a 
=== Rolls-Royce gas turbine and 
diesel generators, and the hull 
is designed to reduce noise. 





ORV (O)B) 








>} TRANSPORT 


The Type 31 frigates are around ten metres 
shorter than the Type 26 vessels, and they’rea 
little lighter. They'll need a smaller crew of 
around 100, and they have fewer weapons 
systems, but they’re faster, and have a wider 
range. Unsurprisingly, these ships aren’t cheap. 
The Royal Navy, the Ministry of Defence and the 
government spent plenty of time wrangling over 
designs and costs, but the first order of 
three Type 26 frigates came in 2017 for 
£3.7 billion (about $4.9 billion) -so 
they're working out at more than 
£1 billion (around $1.35 billion) 
per ship. The smaller Type 31 
ships cost around £250 million 
(about $340 million) each. 


There’s no doubt about it, the Type 
26 and Type 31 frigates are impressive. 
But they’re also expensive and complex, 
and the Royal Navy doesn’t build them itself. 
Because of the specialist equipment and skills 
required, they hire shipbuilding firms to take on 
the mammoth task. The Type 26 frigates are 
being built by BAE Systems, and more than 40 
other suppliers are producing components, 
including Rolls-Royce - the entire process 
supports more than 3,000 jobs. 

The first of the UK’s Type 26 ships is under 
construction at BAE’s Ship Block and Outfit Hall 


ABOVE: The front and 
in Glasgow. The modular design means that the Pe eae Crane 
ship is being built in huge blocks which go ship are built 


separately, then 
connected outside 


together to form the front and rear halves ofthe 
ship -in nautical terms, they’re the ‘fore’ and 
‘aft’ sections. Those sections are pieced together, 
all of the piping and cabling is linked up and 
then the hull of the HMS Glasgow will be 
structurally complete. Once that’s done, the 
funnels, mast and bridge will be lifted onto the 


RIGHT: The frigate’s 
mission bay can hold 
boats, supplies or 
other vehicles - 
whatever is necessary 





hull by cranes and Ley! a 
attached securely. During 
2021 the entire vessel will be 
rolled onto a huge barge that 
will be used to lower the ship 
into the water of the River Clyde. 

Once the ship is lowered into the 
river, it’s going to be towed down the River Clyde 
to another BAE shipyard at Scotstoun. It’s here 
where the vessel will be ‘fitted out’, meaning 
that the rest of the construction will be finished. 
This part of the process mostly involves kitting 
out the interior of the ship. It’s planned that the 
first Type 26 frigate will be accepted by the Royal 
Navy in 2025, becoming operational by 2027. The 
first Type 31 ships are also planned to be 
operational by 2027. 


“THE FIRST 
TYPE 26 1S 
CALLED THE 
HMS GLASGOW” 
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RN ship type: Ship of the line 
The Royal Navy’s most famous 


vessel was Nelson’s flagship at 
the Battle of Trafalgar, and is 
today docked in Portsmouth. 





RN ship type: Carrack 
The Mary Rose was King 
Henry VIII’s flagship. It 
served for 33 years, but 
sank near the Isle of Wight. 


RN ship type: Ship of the line 





King Charles | demanded more firepower. 
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This fearsome flagship - nicknamed ‘Golden Devil’ 
- was the first vessel with three gun decks, since 


RN ship type: 

RN ship type: Battleship 
This 14,150-tonne vessel 
was the largest warship in 
the world when built. It was 
eventually sold for scrap. 












RN ship type: Brig-sloop 
This survey ship was famed for carrying 
naturalist Charles Darwin on his 
influential voyages around the world. 
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Rear Admiral Marshall 
aeoM=lanley-la,ccveme)amatehiéc] 
tours to Asia, the 
(OF-T 10) oX-t-]al-] ale WANA alors) 


RECTOR FOR 


TYPE-26 FRIGATES 


Rear Admiral Paul Marshall CBE, the senior officer responsible for 
delivering these latest warships, explains their role in the Royal Navy 


How will the Type 26 and Type 31 frigates fit 
into the current Royal Navy fleet? 
The larger Type 26 is an advanced anti- 
submarine warfare warship designed to support 
the UK’s other vessels. As well as protecting us 
from submarines, the Type 26 will support 
operations across our full spectrum of tasks, 
including counter-piracy missions, disaster 
relief work and delivering humanitarian aid. 
It’s going to be around fora long time - the Type 
26 is designed for a service life of 25 years, so it’1l 
be an essential component of the Royal Navy 
fleet into the 2060s. 

The Type 31 will also be at the heart of our fleet 
— deterring aggression, maintaining the UK’s 
interests and helping those in need. The Type 31 
is designed to relieve the operational pressures 
on other ships, including the Type 26, so those 
vessels are freed up to tackle specialist tasks. 
That means the Type 31 doesn’t have the 
anti-submarine features that are included on 
the Type 26. 


What weapons will the Type 26 be equipped 
with when it launches, and what will be 
added in the future? 

The Type 26 has a flexible design that will enable 


_ LHX 


HMS WARSPITE HMS HOOD 
RN ship type: Battleship 

A vessel that served in both World 
Wars, thanks to extensive 
modernisation and a stellar design. 
It was a Queen Elizabeth-class 
ship, reaching speeds of 23 knots. 









HMS FURIOUS 


RN ship type: Battlecruiser 


The Royal Navy’s first aircraft carrier happened due to design 
changes - it was originally designed as a conventional cruiser 


before its forward turret was replaced with a flight deck. 


RN ship type: Battlecruiser 
This famous but flawed ship was infamously 
sunk by the German battleship Bismarck in 1941. 


its capabilities to be adapted throughout its life 
span in order to counter future threats. The HMS 
Glasgow will enter service with a Sea Ceptor air 
defence missile system and a 12.7-centimetre 
medium-calibre gun. The Type 26 can also 
embark with a Merlin anti-submarine helicopter 
(o} a= YAY UCeKerslmpactsbalonecten-inr-lelc@alcie(aejelivemwel= 
Wildcat will be able to deploy two variants of our 
Future Anti-Surface Guided Weapon. 

The Type 26 frigate will be fitted with the Mark 
41 Vertical Launching System, which provides 
the flexibility to field a variety of weapons, and 
idatslmestshymuacellucoccmeloemelsr.qmercyalcve-lelevemeyacvenler 
launched strike weapons. The Type 26 is 
inherently flexible, which allows us greater 
choice when planning operations and upgrades. 
That’s important because it allows us to upgrade 
the ship’s systems throughout its lifetime so it 
can tackle future threats. 


What sort of facilities will be included for 
the crew on the HMS Glasgow? 

As with all warships in the Royal Navy, the 

Type 26 will be fitted with a sickbay and ward. A 
number of our personnel are trained in first aid, 
eHelomol=jor-velouberomeyemmelcsmeadisisyCeeMuucm Umerehic 
specialist medical personnel on board. When 
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operating as part ofa larger strike group, 
personnel will have access to a wider range of 
equipment and staff. 

In addition, the Type 26 will be fitted witha 
gym that includes weightlifting and cardio 
Yop bpheyeatcvolum- balou. meyenicy(e-Umnc-eelymusllmel-ner-bame)i 
the ship’s crew so they can provide the crew with 
specific training programs and guidance on 
healthy eating. 

The crew’s accommodations have recreation 
areas with TVs and games consoles, and social 
areas for people to congregate. There will bea 
library, and personnel can also access a range of 
UAVE-Delo@e-(obloncie-laloyetcnaebaelersendel-Bsjeletenaeaaas 
Broadcasting Service. 


HMS INVINCIBLE 


RN ship type: Aircraft carrier 
This aircraft carrier was the flagship of the Royal 
Navy’s fleet and saw action in several wars. 


OPN elaahy 

HMS DREADNOUGHT 
RN ship type: Submarine 

The second HMS Dreadnought was 


the UK’s first nuclear submarine, and 
was launched on Trafalgar Day. 
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HMS QUEEN ELIZABETH 


RN ship type: Aircraft carrier 





This new flagship aircraft carrier is the Royal Navy’s 
largest-ever warship and can carry more than 60 aircraft. 
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Cars are packed | , — As Framed glass windows 
full of safety . , y , ; Glass used in cars is designed to 
features = stay intact or fracture into rounded 
relate mUlale l=) qele) : | - fragments so passengers aren’t 
strict testing 7 , | S — hurt by sharp shards. 


Taking the impact 
Many cars include panels made 
from metals like aluminium and 
magnesium. These crumple on 
impact to absorb energy and 
protect passengers. 
















py 


FO43050Z02! 


How cars 
keep you safe 


Delve beneath the bonnet to discover the impact 
manufacturers are making on car safety systems 


Words by Mike Jennings 












t’s easy to forget when cars are integral to our 

everyday lives, but think about this fora 

second: they’re metal boxes that can drive at 
excessive speeds to transport human bodies 
made of fragile flesh and bone. Safety is crucial. 
That means every part of a modern car is 
designed with protection in mind, from the 
engine to the bumpers and everything in 
between. And with safety so important, some 
parts ofa car get more attention than you might 
initially expect. Let’s look at the doors and side 
panels as an example. 

These parts ofa car are often closest to the 
driver and passengers, so they've got to be 
sturdy. To that end, car manufacturers have 
developed side-impact designs that include 
incredibly strong steel panels, extra metal inside 
the doors to brace against impacts and columns 
to help cars keep their shape during collisions. 
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The safest place in a car is the middle seat in the back row — you're likely to be further qway from impacts 


Steered from danger Safety first 


The metal that holds the steering 
wheel collapses in accidents so Here are five key safety features that 


that drivers aren’t thrust forward you'll find in most modern cars 
into a static column. 
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Pump the brakes 
Computer-powered brake 
systems stop cars from skidding, 
meaning cars stop smoothly and 
Safely instead. 





Strong steel 


Side collisions can be more OeAaG 
dangerous because passengers 7a 
are nearer the impact, so modern = iy 


cars use the strongest steel here. S CA N H e R e io 





© |llustration by Adrian Mann 


The original Side Impact Protection System 

— or SIPS - was developed by Swedish car 
manufacturer Volvo and started appearing in its 
cars in the early 1990s. Volvo still includes SIPS 
technology in its cars, as does every other 
manufacturer with equivalent safety designs, 
albeit under different names. 

Go beyond the sides ofa car and you'll find an 
incredible array of safety features that protect 
every inch ofa modern motor. Designers first 
started to incorporate basic impact protection 
into cars in the 1930s, and since then vehicles 
have become safer and far more sophisticated. 

These days car safety features are organised 
into two camps: passive features like the car’s 





frame, airbags and seat belts protect passengers vi Diemer 
after a collision, while active features like en all used to test for 
cameras, sensors and brakes work all the time to plestelnl Ln SEIS) 
onreal people kK 
keep the car stable. © 
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Snow 
tank 


How the world’s fastest 





dual-tracked vehicle works 


ff-road driving can be 

invigorating in most 

circumstances. But as you 
cover increasingly unreliable ground, 
how much trust can you put in your 
vehicle to safely continue its journey? 
The bumpy and disorderly drive you 
would expect to experience when 
travelling over rocky obstacles and 
deep snow disappears when inside 
the Ripsaw tank. 

Designed by Howe & Howe 
Technologies, the Ripsaw EV3-F4 is 
described as the ‘Floating Cockpit’, 
and claims to be able to cover any 
terrain. As its occupants sit high atop 
the tracked wheels, travelling at up to 
60 miles per hour across rough 
ground, you can see why this beast is 
described as such. With an array of 
windows to keep the driver and 
passengers fully immersed in their 
surroundings, the tank glides with 
ease over even the most treacherous 
terrain types. 

Ripsaw vehicles caught the eye of 
the military, and the US Army used 
them to traverse various war zones 
during defence, surveillance and 
explosive disposal missions. However, 
today these mighty specimens are 


also available for civilians to purchase. 


Due to the increasing number of 
variations being produced through 
customisation, the price tag can vary. 
But all you need to boast about having 
your own all-terrain tank is around 
£500,000 ($675,000) and some epic, 
off-road terrain to show off on. 
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Ripsaw 
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Riding the 
Ripsaw F4 


What technology 
produces this smooth 


The Ripsaw series of vehicles off-road drive? 


can hold 290 litres of fuel 


Light and strong 
The suspended cabin’s 
exoskeleton is made from 
lightweight aerospace- 
grade aluminium and 
strong steel. 


Panorama | 
Windows cover the majority of 
the ceiling and wall space to 
give the driver and passengers 
a 360-degree view. 


4,500 kilograms 


Despite its bulk, this tank maintains 
speed and manoeuvrability, with a 
minimum turning radius of just 2.4 
metres. A passenger car has a 
turning radius of around ten metres. 


Passenger potential 
While earlier models had limited 
passenger space, this commercial 
variant allows three people to ride 
alongside the driver. 





Producing over 1,100 kilowatts, the Ripsagw EV3-F4 is seven-times more powerful than the average car 


Luxury controls 

The heated steering wheel 
comes with paddle shifters 
for quick gear changes. 


Clearance 

There’s 50 centimetres 
between the ground 
and the passenger pod. 
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Digital dashboard 
This dual display presents 
data such as live images from 
the 360-degree cameras. 


Power to weight 
The vehicle produces a 
power of over three 
kilowatts per kilogram. 




















Constant contact 
284 centimetres of rubber 
track covers the ground at all 
times to increase traction on 
the slippiest surfaces. 
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All images © Howe & Howe, Inc. 
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Hydrogen: the 3 
future of cars? 7 


We're heading towards a greener future, which could 
mean switching from petrol to hydrogen power 


Filling stations need 
to be built for 
hydrogen, or existing 
facilities need to be 
refurbished 





© |llustration by Adrian Mann 


ur planet’s changing ecosystem means 

that our cars need to change too, which 

is why electric cars have become 
popular and why hydrogen fuel cells are now 
being touted as another option for green 
motoring. There's plenty of good news. For 
starters, there’s a lot of hydrogen about: it’s 
Earth’s most common element and it can be 
extracted from water, natural gas, biomass and 
several other sources. It’s not toxic, in theory 
there’s an almost unlimited supply and vehicles 
powered by hydrogen only emit water and heat, 
not harmful greenhouse gases. 

Hydrogen cars have an impressive range when 
compared to electric vehicles, often matching 
conventional cars, and they can be refuelled in 
five minutes. That compares well to electric cars, 
which take hours to charge. They're quiet, too. 

But the bad news is significant. Hydrogen can 
be efficient, but lots of fossil fuels are currently 
used to create hydrogen - and that undermines 


Fuel cells explained 


Here’s how g 
hydrogen fuel 

cells work and | 
how they 

function inside © 
new cars 





Separate i 
charges 

Hydrogen is 

separated into 

protons and electrons 
at a terminal called 

the anode, anda 
catalyst accelerates | 
the process. 





SCAN HERE =: 
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everything. That will have to change if hydrogen 
is to become viable, but biomass, solar, wind and 
other renewable sources are being developed. 

There are also questions around efficiency 
elsewhere. Positively, however, the US 
Department of Energy estimates that 
conventional petrol engines run at around 20 per 
cent efficiency, while hydrogen fuel cell engines 
are between 40 and 60 per cent efficient. That’s 
great, but more energy is required to compress, 
transport and store hydrogen, and renewable 
methods used to produce hydrogen may not 
always be very efficient. 

There’s not much in terms of infrastructure, 
either, with only around 20 filling stations in the 
UK. At least 100 will be needed to provide the 
bare minimum of national coverage. If you want 
a Stark comparison, consider that there are more 
than 37,500 electric charging points across the 
UK. While hydrogen fuel cells are an exciting 
option, there’s still a long road ahead. 





Motoring along 
Motors used by 
hydrogen cars are often 
the same as those in 
battery-powered 
vehicles - the power 
method is just different. 


Creating a current 
The converter changes the 
fuel cell’s high-voltage 
electricity to a lower voltage 
that the car can use. 


Play it cool 

Heat is produced by fuel cells, so 

air flows through the front of the 

car to keep everything chilled. 
A positive outcome 
Electrons and protons combine 
with oxygen at the second 
terminal to form water, which is 

.. then removed from the car. 


* 





y 


' Circuit breaker ~— ¥ 
) Negatively charged electrons flow : 
through a circuit, generating electricity 


that is used to power the motor. 





© Getty 





Fuel cells started life in laboratories, but this 
futuristic technology is powering cars 


The world's first hydrogen-powered double-decker bus arrived in Aberdeen in 2020 


Fuel cell vehicles look familiar, but 
their internals are dramatically 
different from conventional cars 





8 
Ke 
© 
| 
Early beginnings 
The first hydrogen fuel cell 
charging station opened in Swindon 
in 2011 at Honda’s manufacturing 
site. It served the FCX Clarity, 
Honda’s first hydrogen car. 
Stacked up Strong tanks Storing up Lighter than air 
. Fuel cells are small, so they’re Compressed hydrogen is A nickel-metal hydride battery Hydrogen fuel cells aren’t just 
arranged in stacks that provide stored here until it’s needed. assists the fuel cell stack Gas- used in cars - they’ve been used in 
combined power - the latest Hydrogen is explosive, so during acceleration, and stores guzzler space rockets, and they could be 
Toyota Mirai uses 330 cells. these have to be very strong. energy from deceleration. Filling the tank is used to power buildings, trucks and 


easy - the nozzle 
establishes a seal 
to maintain 
pressure, and it 
takes about five 
minutes to fill. 


even planes. 







Filling the gaps 

The UK may need more 
hydrogen infrastructure, but other 
areas of the world are doing better 
- there are dozens of filling stations 
in California, with over 100 more to 
be built by 2027. 


Heavy lifting 

It’s estimated that more than 
53,000 hydrogen fuel cell vehicles 
were being used globally by the 
end of 2020, including around 
31,000 forklift trucks. 


Big-name involvement 

Mercedes produced the first 
road-legal fuel cell car in 1998, 
BMW is developing a concept SUV 


——— 





_ ene oe 
@ Toyo? and Jaguar is aiming to produce a 
Range Rover that uses fuel cells. 
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| Earth like when | 
dinosaurs | 
roamed the 
planet? 
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SCIENCE 


va TRANSPORT 
Why do we have nightmares? What is dark 
matter? Is your phone eavesdropping on you? 
Discover the answers to 20 spooky questions 








QENVIRONMENT 
See inside a Royal Navy Type 26 frigate under 
construction and discover the advanced 


Learn about the incredible power of 
technology behind modern warships 


hurricanes and the science behind their 
formation. Why are they getting stronger? 
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4 TECHNOLOGY 
From bubble wrap wallpaper to torture 
treadmills: these 12 famous inventions were 
developed for completely different purposes 





TFYSPACE 


Our Solar System contains thousands of large 


sa HISTORY 


How fossil hunters recently hit the jackpot 
when they found a completely new dinosaur 
-and what it takes to bea paleontologist 


asteroids, moons and dwarf planets: discover 
where to find them and how to define them 





